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REVISIONS

REVISION DATE REASON FOR REVISION
NUMBER
0 Approved by SERC )
1 8/5/01 Include specific generator reactive support requirements in
section IV.D.6.c
2 9/10/03 Clarify load connection requirements in section [11.C.2,
Clarify joint study requirements in section II1.B and IV.B.
Add statement that future project data changes may require
additional study of impact.
3 8/25/06 Reformatting only of fonts and alignment. No technical
changes.
4 10/1/06 Added section 1 D 1 i and associated definitions
12/1/06 Revised sections i1.D.1.d and IV.D.1.e requirements for
voltage flicker per IEEE Standard 1453-2004.
6 6/20/08 Section Hl E-4 *Protective System Coordination”, additional

I

clarifying language.
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I, INTRODUCTION

Standard 1.C.S1 of the NERC (North American Electric Reliability Council) Planning Standards
issued September, 1997 state that Facility Connection Requirements for all facilities involved in
the generation, transmission, and use of electricity be documented. All electric industry
participants are required to document the facility connection requirements for their system.

Duke Electric Transmission (Duke ET) has prepared this document to identify technical
requirements for connecting load deliveries, generation facilities, and control area
Interconnections to the Duke Elsctric Transmission System (Duke ET System) which typically
consists of 44-, 100~, 230-, and 500-kV transmissian lines and stations. This document is divided
into two major sections: 1) Load Delivery Requirements and 2) Generation and /nferconnection
Requirements, Important terms used in this document are capltalized and ltalicized (e.g. Project,
Project Sponsor, Conneetlon Point) and explained in the Deflnitions section. Some projects may
have both load and generation on site. Load Delivery Requirements apply to projects having
generating capability of less than 26% of minimum load. These technical requirements are
deslgned to ensure the safe operation, integrity, and reliability of the Duke ET System.

These requirements do not supersede existing contracts such as the Catawba Agreements. The
document may be used to interpret some of the provisions of existing contracts, far example,
where “Prudent Utility Practice® applies. The document can also be used in developing contracts,
operating agreements, etc. to specify requirements of individual projects connecting to the Duke
ET System. These requirements will be adhered to for all connections, Including those owned by
Duke Energy.

Technical requirements are addressed, but contractual matters, such as costs, ownership, leasing
options, scheduling, and bllling are not the focus of this document. In general, the Project
Sponsor assumes the cost of all design, construction, inspection, analysis, maintenance,
operations, monitoring, and all associated facilities needed to satisfy the technical requirements
Identified for integration of the Project into the Duke ET Systemn. Enforcement of these
requirements will be covered in the contracts, operating agreements, and/or other legal
documents applicable to the specific Project,

The Project Sponsor submits the proposal for a new Project. Duke ET evaluates these proposals
on a case-by-case basis and specific connection requirements are provided accordingly. Physical
laws that govern the behavior of electric systems do not recognize boundaries of electric facility
ownership. Thus, to properly design a connsction, the electric systems must be studied and
analyzed without regard to ownership. Duke ET will study any propesed-connection to its system
using existing and forecasted system data and data supplied by the Project Sponsor. In these
studies, Duke ET considers short-circuit duties, transient voltages, reactive power requirements,
stability requirements, harmonics, safety, operations, maintenance and Prudent Eisctric Ulility
Practices. Duke ET will develop connection proposals for review with the Project Sponsor.

This document is not Intended as a design specification or an instruction manual. Technical
requirements stated herein are intended to be consistent with North American Electric Reliability
Council (NERC) and Southeastern Electric Reliability Council (SERC) planning and operating
policies, principles, practices, and standards. Compiiance with NERC standards is expected and
nothing in this document relieves the Project Sponsor of the industry expectation to meet them.
The information presented in this document is subject to change.
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il. DEFINITIONS

Important terms used in this document are capltalized and ltaliclzed (e.g. Project, Profect
Sponsoar, Connection Poinft) and defined in this Section.

For industry standard definitions of electric industry terminology, please refer to:

The New IEEE Standard Dictionary of Electrical and Electronic Terms, IEEE Std
100-1992,

For the purposes of this document the folowing definitions apply:

Absolute Voltage LImits - The upper and lower voltage operating limits of each bus on the
system. The absolute voitage limits are expressed as a percent of Duke’s nominal voltage. The
system is managed such that all voitages should be maintained within the appropriate absolute
voltage bounds for all conditions.

Bulk System - The portion of the Duke Electric Transmisslon System used for transferring large
amounts of power and includes all 500-kV lines, 500-kV substations, §00/230-kV transformers,
and 230-kV lines.

Connection Point - The physical location on the power system of the change of ownership
between Duke ET and the Project or Interconnecting Utility.

Connection Review — The review of a Project proposal to connect to the transmission system.
This includes alil studies required by the Tarlff along with verification that all technical
requirements in this document are properly addressed.

Contingency Voltage Drop - The decrease in voltage due to a single contingency.

Customer Equivalent — Power Delivery Asset Management methodology used to nommalize
customers of unequal size. Customers are converted to “customer equivalents”, For large
customers, divide the peak KWD by 5 KW,

Duke Electric Transmission (Duke ET) — Business unit responsible for the planning and
operation of the Duke Electric Transmission System.

Duke Electric Transmission System (Duke ET System) - The integrated electrical transmission
facillties owned by Duke Energy including primarily 500-kV, 230-kV, 100-kV, and 44-kV lines and
stations.

Effectively Grounded - A system that provides an Xo/X1<3 & Ry/X<1 where X, and R, are zero
sequence reactance and resistance, and X; is positive sequence reactance.

Equivalent Fault - A fault of sufficient magnitude and duration to trip a utility owned line or circuit
protective device, whether such a protective device exists or not.

Incapacitating Disturbance — For a customer, a power problem equivalent in effect and severity
to a sustained outage, and not limited to equipment malfunctions (e.g. severe “flicker” disturbs
humans, not machines). Typical examples are sustained outages, momentary Interruptions, and
severe voltage sags. These disturbances must be shown to cause the customers a problem.

Infeed — Contribution from a positive or zero sequence source, a transformer or generator, to a
fault.
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Interconnection — Transmission system tie point between two control areas.

Joint Use Breaker Agreement — Legal document specifying details between Duke ET and a
Project Operator regarding the operation and control of equipment (e.g., circuit breaker) that is
accessible to both parties.

Interconnecting Utility - The utility that owns the transmission or distribution system that
connects the Project to the Duke Electric Transmission System at the Connection Point.

MAIFI - refers to the average number of momentary interruptions per year.

Momentary interruptions — Outages, zero voltage, lasting 1 minute or less.

NERC - North American Electric Reliability Council and its successors

Planning Standards - Duke Electric Transmission Planning Guidellnes document, which is part
of Duke's annual FERC 715 filing, the SERC Planning Principles and Guides, or the NERC
Planning Standards.

Project - The load delivery, Inferconnection, or generation facility and all equipment associated
with integratlon of the Project up to the Connection Point with Duke Electric Transmission System.
None of the facilities that make up the Project are owned by Duke Electric Transmission,

Project Operator - The company that operates a load delivery, inferconnection, or generatlon
facility.

Project Sponsor - A company that owns and/or develops a new load delivery, /nterconnection ar
generation facility.

Protection Statlon - Facility that satisfies the requirements necessary to provide complete
protection for the Project immediately beyond the Connection Point.

Prudent Electric Utility Practices or Prudent Utility Practice - The generally accepted design,
practices, methods, and operation of a power system, to achieve safety, dependability, efficiency,
and economy, and to meet utility and industry codes, standards, and regulations.

Reliability and Integrity — Aspects of the transmission system that affects the customer outage
experience and concerns the safe maintenance of utility assets, in good working condition, at the
lowest overall cost while preserving corporate reputation.

SAIFI - The average number of sustained interruptions per customer per year.

SCADA (Supervisory Control and Data Acquisition) - A system of remote control and telemetry
used to monitor and control the transmission system.

SERC - Southeastern Eleclric Reliability Council

Station Service - The electric supply for the ancillary equipment dsed to operate a generating
station or substation.

SOC — Duke Energy’s System Operating Center located in Charlotte, NC responsible for
generator dispatch and controt area monitoring.

Sustained Outages - Outages, zero voltage, lasting for more than 1 minute, °
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TCC — Duke Energy's Transmission Control Center located in Charlotte, NC.

Voltage Regulation - The difference between expected maximum and minimum voltages at any
particular delivery point. The voltage regulation limits are expressed as a percent of the nominal
voltage and are defined for both normal and contingency conditions. Voltage regulation for
delivery point voltages should not exceed the guidelines.

Voltage Unbalance - The percent deviation of one phase rms voltage value from the average of
all three phases’ rms voitage values.
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FACILITY CONNECTION REQUIREMENTS -~ LOAD DELIVERIES

Scope

The technical requirements contained herein generally apply to all load deliveries
connected to the Duke ET System except those neted in the Introduction. The location of
the delivery and the impacts on the Duke ET System, or another utility's system,
determine the specific requirements. The Project must not degrade the safe operation,
integrity, or reliabllity of the Duke ET System.

¢ Applicable Codes, Standards, Criteria and Regulations

To the extent that the Codes, Standards, Criteria and Regulations are applicable, the
Project shall be in compliance with those listed in the References section of this
document and others that are applicable.

+ Safety, Protection, and Reliability

Duke ET, after consultation with the Project Sponsor and other relevant parties, shall
make the sole and final determination as to whether the Duke ET System is properly
protected from any problems that the Project might cause before a connection is closed.
The Project Sponsor is responsible for correcting such probiems before connected
operation begins. The Project Sponsoris responsible for safety, protection, and reliability
on the Project side of the Connection Paint.

* Non-Duke ET Responsibilities

Project Sponsors and Project Operators shall comply with NERC Planning Standards and
Operating Policies. The Project Sponsor is responsible for the planning, design,
construgtion, reliability, protection, and safe operation of non-Duke ET System-owned
facilities. This will normally require the Project to Include a Protection Station immediately
beyond the Connection Point. The design and operation of the Project is subject to
applicable local, state and federal statutes and regulations,

¢ Cost of Connection Reviews

The Project Sponsor requesting Duke ET to perform a Connection Review will reimburse
Duke ET for its actual costs to perform the study. This includes costs associated with
verifying that all technical requirements in this document are properly addressed.
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Connection and System Impact Studies and Project Sponsor-
Supplied Information

Project Sponsors should contact Duke Electric Transmission as early as possible in the
planning process for any potential new or modified load connectlon to the Duke ET
System. The Prgject Sponsor should not make its own assumptions about the final
location, voltage, or connection requirements. Certain areas within the Duke ET System
can accept only limited amounts of additional load without costly reinforcements. Duke
ET may have to add to or modify its transmission system substantially before connecting
a new Project. A Connection Review must be performed to determine the required
connection facilities and modifications to accommodate the Project. This study may also
address the transmission system capability, transient stability, voltage stability, losses,
voltage regulation, harmonics, voltage flicker, electromagnetic transients, ferroresonance,
metering requirements, protective relaying, substation grounding, and fault duties. If
necessary, joint study with neighboring contro! areas may be performed to assess the
impact of the Project. The data that the Project Sponsor is required to provide to enable
the completion of these studies is listed in the Project Sponsor Supplied Information
section.

Part of the Connection Review will include a high level review of the design, construction,
maintenance, and operation rules and standards that will be used before and after
connection is made to the Duke ET System. If any portions of this review need further
investigation or justification to prove all facility connection requirements will be met, it will
be the responsibility of the Project Sponsor to provide the necessary Information to
illustrate the justification or provide an alternative solution to meet the facility connection
requirements. This high level review is intended to identify moderate to major
discrepancies and the Project Sponsor remains responsible for meeting the facility
connection requirements before and after connection is made to the Duke ET System
regardless of the resuits of the Connection Review.

1. Connection Configuration

Projects may be connected to the Duke ET System by tapping an existing transmission
line(s) or by connecting directly into an existing transmission station. In rare instances, a
new transmission switching station may be bullt in the middle of an existing transmission
line. Load deliveries are almost always connected to Duke ET System’s 100-kV and 44-
kV transmission systems. Duke ET System's 500-kV and 230-kV transmission systems
are typically reserved for the bulk transport of large amounts of electricity.

The number of avallable connection optians is dependent upan many factors, including
location of the desired Connection Point relative to existing Duke ET System transmission
facilities, the size of the Project’s load, and other requirements of the Project. The most
feasible aption(s) will be consldered in the Connection Review, with the most economic
option meeting all requirements being selected.

2. Power Flow

The Project is incorporated into power flow models by Duke ET using the data provided
by the Project Sponsor. Power flow simulations are performed to determine the impact of
the Project on the transmission system. The primary intent is to determine if the new load
causes any violations of the Duke Electric Transmission Planning Guidelines (Planning
Guidelines), which is part of Duke's annual FERC 715 filing, the SERC Planning
Principles and Guides, or the NERC Planning Standards (collectively, Planning
Standards). A summary of these guidelines is provided below:
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a. Thermal and Voltage Screehing

The purpose of this study Is to ensure that the connection of the Project does not
create any thermal loadings or voltage levels outside of the limits provided In the
Planning Guldelines. Project information obtained from the Project Sponsor is
used to model the Project. Power system simulation tpols are used to model a
wide range of transmisslon system operating conditions to determine the thermal
loading and voltage level changes created by the Project on the Duke ET System.

b. Transfer Capability

The purpose of this study is to ensure that the connection of the Project does not
reduce any Transfer Capabilities below limits provided in the Planning Guidelines.
Power transfers are simulated across the Duke Electric Transmission System in
various directions to determine how the Project affects Duke ET System’s ability
to transfer power across Its system.

3. Protection

After studying the possible ways to connect the Project to the Duke ET System, the
protective requirements will be determined. This will include an impedance model at the
Connection Point (short-circuit data), protective changes to the transmission system,
protective requirements for the delivery and any special protective needs for the Project.
See the General Requirements and Protection Requirements sections for more details on
these requirements.

4. Power Quality and Reliability

There is a very diverse set of users connected to the Duke ET System with differing
system requirements. In the past, most customers were only concerned with extended
interruptions. However, the increased use of highly sensitive power electronic devices
within all customer sectors has changed the definition of reliability. Dug to the sensttivity
of many industrial and commercial loads such as adjustable speed drives (ASDs) and
computer controlled processes, reliability is no longer only defined by the frequency and
duration of sustained interruptions. There are many power quality variations other than
sustained interryptions that may constitute inadequate service for the proper operation of
customer equipment. Variations such as Voltage Unbalance, voltage flicker, harmonic
distortion, transient overvoltages, temporary overvoltages and steady-state voltage
regulation can adversely affect customer processes.

The challenge for the transmission owner is to design and operate the transmission
system such that it meets the requirements of this diverse set of users. To meet this
challenge, Duke Electric Transmission performs studies to determine the power quality
and reliability impacts of any new Project on the Duke ET System at the Connection Point.
The intent of these studies is to ensure that the connection of the Project does not
compromise the reliability and integrity of the Duke ET System.

The studies performed for each new Project may include;
a. Voltage Unbalance
The purpose of this study is to ensure that the operation of any new Project does

not create a Voifage Unbalance conditionin excess of the limits provided in the
Performance Requirements section. Project information obtained from the
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Profect Sponsor Is added to the power system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to determine the range of Voltage Unbalance created by the
Project at the Connection Point,

b. Voltage Flicker

The purpose of this study is to ensure that the operation of any new Project does
not create volitage fluctuations in excess of the limits provided in the Performance
Requirements section. Project information obtained from the Project Sponsoris
added to the power system model. Using power system simulation tools, sfudies
are performed over a wide range of transmission system operating conditions to
determine the range of voltage fluctuations created by the Project at the
Connection Point.

c. Harmonic Distortion

The purpose of this study is to ensure that the operation of any new Project does
not create harmonic current injections in excess of the limits provided in the
Performance Requirements section, Project information obtained from the
Project Sponsor is added to the power system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to determine the range of harmonic distortion created by the
Project at the Connection Point, '

d. Transient Overvoltage

The purpose of this study is to ensure that the operation of any new Profect does
not create a transient overvoltage condition in excess of the limits provided in the
Performance Requirements section. Project information obtalned from the
Project Sponsoris added to the power system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to determine the range of transient overvoltages created by
the Project at the Connection Point.

e. Temporary Overvoltage

The purpose of this study is to ensure that the operation of any new Project does
not create a temporary overvoltage condition in excess of the limits provided in
the Performance Requirements section. Project information obtained from the
Project Sponsor is added to the power system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to determine the range of temporary overvoltages created by
the Project at the Connection Point.

f. Temporary Undervoltage

The purpose of this study is to ensure that the operation of any new Project does
not create a temporary undervoltage condition in excess of the limits provided in
the Performance Requirements section, Profect information obtained from the
Project Sponsor is added to the power system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to determine the range of temporary undervoltages created
by the Project at the Connection Point.




g. Insulation Coordination

The purpose of this study Is to ensure that the operation of any new Project does
not create a condition that will require intervention of Duke ET System-owned
transmission equipment in excess of the limits provided in the Performance
Requirements section.

5. Changes to Project Sponsor-Supplied Information
If any data previously supplied pursuant to these connection requirements changes, the

Project Sponsors or Project Operator will notify Duke E£T in writing without delay. Data
changes may require additional studies to examine the Impact. This notification will

include:

1. the time and date at which the change became, or is expected to become,
effective

2. if the change is only temporary, an estimate of the time and date at which the

data wilt revert to the previously supplied form.

A request for a change in Connection Point to the Duke ET System must be submitted as
a new request. A new completion date will be negotiated with the Project Sponsor or
Project Operator when Project data Is changed.

Duke ET will request load growth projections after the initial connection is made. This will
require an annual submittal for the Project detailing the load projections for each of the
next 5 years,

6. Required Project Sponsor-Supplied Information

Any Project Sponsor desiring a new cannection or modification of an existing connection
must provide the following information:

Facility name and contact name

Address

Phone number, fax number, e-mail address of contact name

Effective date of new connection or modification

Proposed locatlon of Project

One-line diagram of Project

Preferred supply voltage -

Load demand under normal and emergency conditions

Power factor

0. Expansion plans {type and size of potential loads) i

1 Transmission line voltage, conductor rating, impedance, length, insulation,
grounding, etc.

12. Transformer ratings, connections, voltage taps, impedances, and grounding

S2oeNOOsLN

13. Lightning protection designs for fransmission fines and stations

14. Special requirements (e.g. sensitive equipment, dual feeds, etc.)

18. Preferred method of connection (series, automatic high side swapover, etc.)
16. Relay schemes, relay settings, protaction equipment

17. Maintenance schedules and procedures

For industriai plants served directly from the Duke ET System, or for load serving entities
serving large industrial plants close to the Duke ET Systemn, the following additional
information is needed:
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One-fine diagram of plant distribution system and loads

Power factor correction capacitors size, connection, and control scheme

In-plant switchgear and protective device information

Motor applicationfloads, rate horsepower, rated voltage, type (synchronous,

induction), starting frequency, full load current, locked rotor current, power factor,

efficiency, starting time (starting current versus time curves), etc.

Method of motor starting

Size, location, and characteristics of single-phase loads

Size, focation, and characteristics of large fluctuating loads (arc furnaces,

welders, etc.) :

8. Size, location, and characteristics of harmonic producing loads (variable speed
drives, induction furnaces, eic.)

9. Size, method of operation, and location of on-site generation

10. Size, location, and characteristics of power conditioning equipment

Pl e

No o

C. General Requirements ' ‘

1. Safety

Al safety and operating procedures for joint use squipment shalt be in compliance with
the Occupational Safety and Health Administration (OSHA) standard 29 CFR 1910.268,
the National Electrical Safety Code (NESC), the Duke Power Safe YWork Practicas
Manual, the Duke Electric Transmission Qperating Procedures Manual and the Project
Sponsor's safety manyals.

a. Isolation Requirements

The Project Operalor shall not energize any Duke ET System line or equipment
unless the Duke Transmission Control Center (TCC) specifically approves
energization. If, for any reason, a protective device operation separates the
Project from the Duke ET System, the Project Operator will contact the Duke
TCC before attempting to restore the conpection to the Duke ET System.

At the Connection Point with the Duke ET System, a disconnect switch shall be
provided for the purpose of physically and visibly isofating the Froject from the
Duke ET System. With the consent of Duke ET and the Project Sponsor, the
disconnect switch may be installed at another location, other than the Connection
Point, provided that the purpose described herein is satisfied. The device:

. Must be accessible by Duke ET and under Duke TCC jurisdiction.

. If gang-operated, must be lockable in the open pasition by Duke ET.

. Must be suitable for safe operation under the conditions of use.

. Would not be operated without advance notice to either parly, unless an
emergency condition requires that the device be opened to isolate the
Profect.

Duke ET personnel may open the switch:

. It it is necessary for the protection of Duke ET maintenance crew
personnel when working on de-energized circults.

. If the Project or Duke ET System equipment presents a hazardous
condition.
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Consideration shall be given as to the design and capacity of the switch on a
case-by-case basis. The switch is required for safety and may not be required to
interrupt load or energization (charging) current. However, a suitable switch for
the safety requirements herein described may also be used to provide for other
operational purposes.

b. Generation Served by the Project

The Project Sponsor shall maintain a record of all generation customers served
by the Profect and such record shall be made available to Duke ET. For the
requirements of energized line maintenance or line construction on the Duke ET
System, the Project Sponsor will ensure that alt generation customers served by
the Project will disconnect their generation upon request by Duke ET.

Connection Point Considerations

a. Protection and Monitoring of the Project

The Project Sponsor andlor Project Operator are responsible for protecting the
Project from fault conditions and other undesirable conditions (e.g., single
phasing). The Project Sponsor must demonstrate that the entire Profect is
protected from fault conditions before connection will be made. This includes
providing adequate protection for any transmission line sections that are part of
the Project. The Project Sponsor andfor Project Operator will also be responsible
for monitoring the Project to demonstrate that the Project performance criteria are
being met. A Protaction Station atthe Connection Point is a common
prerequisite to meet these requirements,

The Project Sponsor may arrange alternate arrangements with the transmission
provider to provide protection for portions of the Project although the responsibility
is still with the Project Sponsor to provide protection. However, monitoring Is
required to measure performance at the Connection Point. Although "low-side"
meters may be used to help calculate parametere at the Connection Poinf such
as power factor and voltage flicker, they can not indicate items such as faults on
the source side of the meters or temporary undervoltages at the Connection
Point. The Project Sponsoris encouraged to meet these requirgments using any
means necessary although at this point in time, a Protection Station appears to
be a prerequisite to meeting both the protection and monitoring requirements set
forth in these facility connection requirements.

b. General Configurations and Constraints

Integration of Projects into the Duke ET Systern usually falls into one of two
categories:

1) Conneclion into a 44-kV or 100-kV substation, with (depending on the
bus configuration) the fransmission lines terminated into one or more
breakers. Switching station buses are either double-bus or breaker-and-
a-half arrangements. Connection at voltages below 44-kV are not usually
considered part of the transmission system, even at stations that have
voltages of 44-kV or higher.

2) Connectlon at 44-kV or 100-kV by tapping a transmission line. This
tap may be as simpie as tying hard and fast to the conductor where
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isolating switches are immediately adjacent in the substation, or may be
as complex as requiring a new switching station in the transmission line.

c. Special Configurations and Constraints

The constraints and considerations described below may substantially affect the
costs of a particular integration plan, sometimes making an alternate Connection
Point for the Project more desirable.

1) Connection to the Bulk System

Duke Power’s transmission system may be separated by function into
two main parts: the Bulk System (230 kV and 500 kV networks) and the
Regionat System (44 kV, 66 kV, 100, and 161 kV networks). Each part of
the transmission system plays an important role in the delivery of energy
from generators to end-users. The Regional System is a group of
electric transmission lines and tie-stations whose primary function is the
distribution of energy to large industrial and large commercial customers
and to retail stations in its geographical area. The Bulk System is a
highly Iinter-connected group of high-voltage electric transmission lines
and tie-stations whose purpose is to enable the movement or transfer of
electric energy in bulk between generators and major points of delivery.
To accomplish this function effectively, the Bulk System has been
designed and built to maintain the integrity and security of the '
interconnected generation and transmission network. The following list
describes some of the major functional and design differences of the Bulk
System compared to the Regional System: the Bulk System provides the
primary means for bulk energy transfer across the SERC Region
supporting Eastem Interconnection reliability, allows energy from
dispersed generation to he moved over large geographical areas
supporting economic dispatch and reliable system operation during
generation contingencies; allows bulk energy to be transported with lower
line losses reducing the overal! cost of energy; and, the much reduced
number of taps and stations on the Bulk System lowers exposure to
faults and equipment fallures, resulting in fewer disturbances that
adversely impact generation reliability. As a result of the function of the
Bulk System, individual load connections to transmission lines are not
allowed because of the overall detrimental affect on system reliability.

2) Connection to 100- and 44-kV Lines

Most Profects are connected to the Duke ET System with a Connection
Point at one of these voltages. A radial extension of the line can be
provided to reach the Project. Some lines have two circuits available
from a double-bussed substation arrangement such that several special
service arrangements are available at additional cost. Almost alf 44-kV
lines are operated radiaily without this option available.

3) Connection to Network Lines

Duke ET wili own and operate any equipment in series with a
transmission line that is part of the Duke ET System. Therefore, any
equipment that is required for connection of a Project that will be in series
with a transmission line will be owned and operated by Duke ET. This




Page 17

d.

includes radial sections of transmission lines that carry load for more than
one Connection Point,

4)  Multi-Terminal Lines

A muiti-terminal line can be defined as a customer connection that could
back feed to a Duke transmission line. The sources could be generators,
connections to other parts of the power system, or ground sources (e.g.,
transformers connected grounded-wye at the connection voltage). These
types of terminals affect Duke ET's ability to protect, operate, dispatch,
and maintain the tfransmission line. The increased complexity of the
contro} and protection schemes affects system stability and reliability.
Duke ET determinas the feasibility of multi-terminal line connections on a
case-by-case basis, often relying on the results of Conngction Studies. If
such a connection would have an unacceptable impact on the Duke ET
System, a substation at the transmission voltage level would need to be
developed.

Other Considerations

Below are some of the other issues considered when evaluating Project
proposals:

1) Equipment

Existing electrical equipment, such as transformers, power circuit
breakers, disconnect switches, and line conductors were purchased
based on existing and forecast system conditions. However, with the
conneaction of new loads, some equipment may become overloaded and
need to be replaced. All equipment purchased by Duke ET and the
Project Sponsor as part of the Project must meet the applicable NESC
and all appropriate |IEEE standards for equipment testing and application.
Duke ET reserves the right to review and set forth requirements for the
specification and application of all equipment used in the Project that
could impact the Performance Requirements for the Project.

2) System Stability and Reliability

The Duke ET Sysiem has been developed with careful consideration for
system stability and reliabllity during disturbances. The size of the
Project, equipment configurations, and the ability to set protective relays
will affect where and how the Connection Pointis made. The Project
may also be required to participate in special protection schemes.

3) Control and Protection

Duke ET coordinates its protective relays and control schemaes to provide
for personnel safety and equipment protection and to minimize disruption
of services during disturbances. Praject connection usually requires the
addltion or modification of protective relays and/or control schemes. This
may also include the use of communication channels to provide
protection for tap lines, dual customer feeds, generation or other special
requirements of the customers. New Projects must be compatible with
existing protective relay schemes. Duke ET System uses a pilot tripping
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scheme on all 500-kV, 230-kV lines and some 100-kV lines, A
conventional zone protection is usually used at 100-kV and below. The
Project shall not provide a ground source at any voltage level unless
specifically approved and coordinated with Duke ET.

4) Protection Stations

A major purpose of the Protection Station is to provide the primary
protection requirements for the Project. Protection Stations must provide
adequate protection to all of the Project facilities as stated in the
Protection Requirements section without relying on any Duke ET System
protective devices to provide primary protection beyond the Connection
Point. The other purposes of the Protection Slation include preventing
Duke ET System facilities from being interrupted for faults within the
Project, controlling reclosing practices when testing lines, monitoring
equipment for Performance Requirements, and meterng requirements.
Itis possible that Duke ET, or another company, will provide and operate
the Protection Station for the Project Sponsor. The Spansar will be held
responsible for its design, construction, testing, maintenance, operation,
and all associated costs with these activities.

Duke ET reserves the right to review and set forth requirements for the
specification and coordination of the Protection Station. These stations
must be designed such that the Project Operator and Duke Electric
Transmission can have access to and control of the station. A Joint Use
Breaker Agreement, or similar agreement, will be developed to allow
Duke ET to operate and control this station under certain specified
conditions. Duke ET may modify the reclosing requirements after
connection is made If the Project fails to meet any of the provisions in the
Performance Requirements section of this document. Duke ET may also
require a dedicated set of current transformers that can be used by Duke
ET 1o set relays to monitor and control the Protection Station if any of the
provisions in the Performance Requirements are not met.

Duke ET reserves the right to require protective stations at any
Connection Point before or after Initial connection is made to the Duke
ET System. Duke ET may install its own Protection Station, at the
Project Sponsar's expense, if the provisions in the Performance
Requirements section are violated on a regular basis.

5) Phase Orientation

DOuke ET uses a phase rotation of ZYX (phase "Z" voltage leads phase
"Y" voltage by 120 degrees). It is important that the Project Sponsor and
Project Operator understand this phase sequence and coordinate with
Duke ET before connection s made to ensure intended phase rotation is
achieved. Duke ET can typically provide the phase sequence desired by
the project sponsor at 100kV, however there may be limitations in g given
Project. Duke ET cannot guarantee a requested phase sequence
connection until each connection request is reviewed in detail. Duke ET
will not typically "roll phases" at the Connection Point for a Project unless
Duke ET did not provide adequate or accurate information regarding the
phase sequence to be provided at the Connection FPoint,




6) Outage Coordination & Maintenance

Duke ET operates and maintains its system to provide reliable customer
service while meeting the seasonal and dally peak loads even dunng
equipment outages and disturbances. Project integration requires that
the equipment at the Project not restrict timely outage coordination,
automatic switching or equipment maintenance scheduling. Preserving
reliable service to all Duke ET System customers is essential and may
require additional switchgear, equipment redundancy, or bypass
capabilities at the Project for acceptable operatlon of the Duke ET
System.

7)  Atmospheric & Seismic

The effects resulting from wind storms, floods, lightning, altitude,
-temperature extremes, and earthquakes must be considered in the
design and operation of the Project. The Project Sponsor is responsible
for determining that the appropriate standards are met, including, but not
limited to, the Uniform Building Code (UBC) and the National Electrical
Safety Code (NESC). Depending on Project location, size, type, and
importance, Duke £T may request that addltional capapbilities be
designed into the Project. Lightning is one of the most predominant
causes of fransmission line outages in the Duke ET System service area
and can be mitigated with proper design and grounding improvements.
The Project Sponsor is expected to design its power system to withstand
reasonable lightning activity as is typical to the area in which it will be
installed and still meet the Performance Requirements for the Project.

3. Substation Grounding

Each generation site and/or connecting substation must have a ground grid that solidly
grounds all metallic structures and other non-energized metallic equipment. This grid
shall limit the ground potential gradients to such voltage and current levels that will not
endanger the safety of people or damage equipment which are in, or immediately
adjacent to, the station under normal and fault conditions.

If the Project is physically close to another substation, It is recommended that the two
grourid gnids be connected. The interconnecting cables must have sufficient capacity to
handle fault currents and control ground grid voltage rises. Duke ET must approve any
connection to a Duke substation ground grid. If the ground grids myst be isolated for
operational reasons, there must be no metallic ground connections between the two -
substation ground grids. -Cable shields, cable sheaths, station service ground sheaths,
and overhead transmission shield wires can all inadvertently connect ground grids. Fiber-
optic cables are an excellent choice for telecommunications and control between two
substations to maintain isolated ground grids. In the case where the Project is physically
close to another substation but the ground grids are Iisolated, the Project Sponsor must
demonstrate that the ground grids are properly isolated and in compliance with all
applicable codes and standards. Duke ET prefers to connect static wires on incoming
fransmission lines to the station ground grid, If the Project Sponsor prefers not to connect
static wires on incoming transmission lines to the station ground grid; the Project Sponsor
must notify Duke ET in writing and demonstrate that relay performance, lightning
protection, and personnel safety are not compromised by isolating the static wires from
the station ground grid. :
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The Project ground grid should be designed to ANSIIEEE Std. 80-1986, IEEE Guide for
Safety in AC Substation Grounding, and should be measured in accordance with IEEE -
81 Part 1: Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Potentials
and Part 2; Measurement of Impedance and Safety Characteristics of Large, Extended or
Interconnected Grounding Systems. Project grounding requirements shall also comply
with the National Electrical Safety Code, ANSI/IEEE - 665 Guide for Generating Station
Grounding, IEEE - 837 Standard for Qualifying Permanent Connections Used in
Substation Grounding, IEEE - 487 Protection of Wire-Line Communication Serving
Electric Power Stations, ANSVIEEE 367-1987 |IEEE Recommended Practice for
Determining the Electric Power Station Ground Potential Rise and Induced Voltage from a
Power Fault, and any applicable state and local codes.

4. Insulation Coordination

Power system equipment is designed to withstand voltage stresses associated with
expected operation. Connection Reviews include the evaluation of the impact of the
Project on equipment insulation coordination. Duke ET identifies additions required to
maintain an acceptable level of Duke ET System availability, reliability, equlpment
insulation margins, and safety.

Voltage stresses such as lightning surges, switching surges, temporary overvoltages, and
normal 60Hz voltages may affect equipment duty. Remedies depend on the equipment
capability and the type and magnitude of the stress. Below are the requirements that
must be met to connect to the Duke ET System. In general, stations shall be protected
against lightning and switching surges. Typically this Includes station shielding against
direct lightning strokes, surge amresters on all wound devices, and shielding on the
incoming lines.

a, Lightning Surges

Lightning is the single largest cause of transmission line events in the Duke ET
System service area and must be considered during the design and (nstallations
of transmission lines and substations. Lightning related causes are not exempt
from the requirements in the Performance Requirements section. Although it is
not always cost effective to design and build a power system to withstand every
possibie lightning stroke, it has been demonstrated that with proper deslgn and
Installation procedures, the effects of lightning can be mitigated to achieve a
reliability level equal to or exceeding the Project performance criteria defined in
the Performance Requirements section. Technigues ysed to help control
lightning related events on transmission fines include proper use of shield wires,
insulation levels, low resistance grounding, and surge armresters. Techniques
used to help control lightning related outages in substations Include substation
shielding, proper arrester applications, and shielding of incoming transmission
lines,

If the Project proposes to tap a Duke transmission line that is shielded, the new
tap line must alsQ be properly shielded for at least one mile from the Duke ET
System. If any stations are within one mile of the Duke ET Systam, these also
must be properly shielded from direct lightning strokes. The Project Sponsor
must be abie to demonstrate proposed designs for any transmission lines and
substations will perform within the fimits for service interruptions as stated in the
Performance Requirements section.

For transmission line design, an industry recognized lightning performance
estimating algorithm may be used to demonstrate acceptable performance of the
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5.

design. The Profect Sponsor must make reasonable assumptions based on the
area that the transmission line will be installed including ground flash density and
grounding conditions. The Project Sponsor must be able to provide an altemative
plan if the ground conditions required for acceptable performance are not
achieved during construction of the transmission line.

For substation design, the Profect Sponsor must be able to demanstrate their
proposed designs will operate within the performance requirements. The
shielding designs and arrester applications shall adhere to applicable IEEE
standards. In addition, any normally open points that are subject to voltage
“doubling” of incoming lightning surges must be considered and protected
accordingly so the Performance Requirements are not violated.

b. Switching Surges

At voltages below 500-kV, modifications to protect the Duke ET System against
Project-generated switching surges are not anticipated although the Connection
Review identifies the actual needs. At 500-kV, Duke ET may require that
arresters be added at the line terminations of the substations if switching surge
studies predict overvoltages that may otherwise cause a flashover at the Project’s
facilities.

c. Temporary Overvoltages

Temporary qvervoltages can last from cycles to minutes, and are not
characterized as surges. These overvoltages are usually present duning faults
and other abnormal system conditions. The Duke ET System is typically
considered Effectively Grounded at 100-kV and higher valtages. However, the
44-kV system is not Effectively Grounded in all locations. These systems may be
impedance grounded and can have line to ground voltages approaching 1.73
times normal line to ground voltage during fault conditions on unfaulted phases.
Itis not acceptable for the Project to supply any ground source for the
transmission system unless specifically approved and coordinated with Duke ET.

A system study may be performed for each Project based on the point on the
Duke ET System that is being connected. The Project Sponsor will be supplied
the system characteristics needed to calculate the temporary overvoltages that
need to be considered. Gapless metal-oxide surge arresters are especially
sensitive to system temporary overvoltages and Duke ET may review the
specification of arresters used on 44-kV systems to ensure proper application.

d. Normal Operating Voltages -

The Duke ET Systern voltages are normally operated within the limits specified in
the Performance Requirements section of this document. Insulation Coordination
usually does not need to consider this operating range once lightning and
switching surge requirements are met; however, In highly contaminated areas,
special consideration and additional insulation requirements may be required for
proper insulation coordination. The Project Sponsor is responsible for
determining whether speclal insulation requirements are needed for its system.

Inspectidn, Testing, Calibration and Maintenance

The Project Sponsor and Project Operator have full responsibility for the inspection,
testing, calibration and maintenance of its equipment, up to the Connection Point,
consistent with the power purchase, operating agreement or connection agreement.
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Maintenance activities must be coordinated with the Project and TCC and/or SOC to
ensure the Duke ET System is not adversely affected.

6.

Preenergization Inspection and Testing

Before initial Project energization, the Project Sponsor or Project Operator shall
develop an Inspection and Test Plan for preenergization and energization testing.
This plan should incfude provisions for testing protective equipment that comply
with the NERC Pfanning Standards, Section lil A, Guide G9. Duke ET will review
and must approve the test plan prior to the test. Duke ET may require additional
tests; the costs of these tests are subject to negotiation. The Sponsor shall make
available to Duke ET all drawings, speclfications, and test records of the Project
equipment pertinent to connected operation.

b.

Calibration and Maintenance

1)  Revenue Metering

Revenue metering shall be tested and calibrated if necessary at least
every two years. More frequent test intervals may be negotiated. All
interested parties or their representatives may witness the calibration
tests. Calibration records shall be made available to all interested
parties. The Metering and Telecommunication Requirements section
should be reviewed for further details.

2) All other equipment

The Project Sponsor or Project Operator shall implement a preventive
maintenance program for the Project equipment The program shall be
designed and executed in a manner to ensure the proper operation of the
Project equipment. The program may be based on time or on other
factors, including performance levels or refiability. Appropriate equipment
performance data will be collected and maintained by the Project
Sponsor or Project Operator. Duke ET reserves the right to review the
preventive maintenance program for the Project. Maintenance records of
the Project equipment pertinent to connected operation shali he made
available to Duke ET upon request.

Station Service

Power provided for local use at a substation to operate lighting, heat and auxiliary
equipment is termed Station Service and will be required at all Profection Stations.
Appropriate providers of Station Service are determined during the Project ptanning
process. Generally, the utility with a distribution service in the area will be the preferred
provider of Station Servics. The Project Sponsor may need to provide metering for
Station Service depending on the provider of Statfon Service.

Alternate Statlon Service is a backup source of power used only in emergency situations
or during maintenance when primary Station Service is not available. Alternate Station
Service is usually only used in large stations.
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D. Performance Requirements

All Projects must be properly designed, constructed, operated, and maintained to avoid degrading
the reliability of the Duke ET System. A Project must comply with the Project performance
criteria, listed below, and must be able to operate satisfactorily within the limits defined in the
Duke ET System Characteristics section, below, in order to be considered properly connected.
The Project Sponsor or Project Operatoris expected to demonstrate, through monitoring, that the
Project meets the Performance Criteria. It is required that the criterla of Sections 1.a, 1.b, and 1.¢
(below) be monitored. The remaining criteria must be met and considered in the design and
operation of the Project although these do not necessarily have to be monitored, However, if
problems are suspected at any time, Duke ET may require the Project Sponsor and/or Project
Operator to demonstrate through monitoring the performance of the Project at the Connection
Point meets these requirements.

If the requirements are not met, the Project Sponsor or Project Operator must demonstrate to
Duke ET a plan to improve and meet the performance criteria. Relay and control requirements
may be developed and enfarced by Duke ET after connection is made if these performance
criteria are violated. Enforcement of these performance critena and penalties associated with
them are beyond the scope of this document and will be in Project-specific contracts and
operating agreements.

1. Project Performance Criteria

To ensure the reliability and integrity of the supply system, all Projects must meet the
Project performance criteria at the Connection Poin!. The following section details the
Project performance criteria.

a. Power Factor

Projects that serve primarily distribution load (retail stations, wholesale
customers, etc.) must comply with the following power factor requirements
measured at, or compensated to, the Connection Point:

Peak Periods - The Project must operate its electrical system in a manner
resulting in a power factor not less than 96.5% lagging at the hour of transmission
system peak load on an annual basis.

Valley Periods - The Project must operate its electrical system in a manner not
resulting in a leading power factor at the hour of transmission system valley load
on an annual basis.

b. Transmission System Interruptions

For Connecfion Points at 100kV and below, the Project shali not cause an
interruption to any portion of the Duke ET System more than once in a 12-month
period, more than three times in a five-year period, or more than five times in a
ten year period. Far Connection Points at voltages higher than 100kV,
requirements will be determined on a case-by-case basis. An interruption is
defined as a voltage zero condition lasting greater than 20 milliseconds.
Interruptions occurring within one minute of each other will be considered the
same event. Exemptions are not typically given, even for fightning or other
weather related causes. A Project s in violation of the Project performance
criteria if these requirements are not met.
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c. Temporary Undervoltages

For Connaction Points at 100kV and below, the Project may not cause a
temporary undervoltage at the Connection Point more than two times in a 12-
month period, more than five times in a five-year period, or more than eight times
in a ten year period, For Connection Points at voltages higher than 100kV,
requirements will be determined on a case-by-case basis. A temporary
undervoltage is defined as an oscillatory phase-to-ground or phase-to-phase
voltage of 85% or less of nominal valtage lasting greater than 20 milliseconds
occurring during fault conditions. Undervoitages due to non-fauit events are
covered in the voltage flicker requirements. Temporary undervoitages occurring
within one minute of each other will be considered the same event. A Projectis in
violation of the Project performance criteria if these requirements are not met.

d. Voltage Flicker

Per IEEE Standard 1453-2004, planning levels of Pg=0.8 and Py=0.6
define the allowable voltage fluctuation fimits at the Connection Point. In
unique cases, higher limits can be considered with the understanding that
the customer operating the disturbing load will be required to mitigate the
flicker that they cause, if significant customer complaints are generated.
Additionally, any single customer that creates disturbances for other
customers will be required to mitigate the disturbance, regardless of the
actual measured value.

Operation of the system or equipment in such a manner as fo create a
voltage fluctuation greater than 3% on the transmission system or on the
primary of the distribution system s not allowed.

e. Harmonic CpntentIHarmonic Distortion

The maximum allowable harmonic current injections (percentage harmonic
distortion at each frequency as a function of maximum load current) at the
Connection Point for Projects connected at 230-kV ar 500-kV, 100-kV, and 44-kV
are defined in Table 1, Table 2, and Table 3, respectively. Operation of the
system or equipment in such a manner as to create a condition where the
harmonic current injection at the Connection Point exceeds the limits provided for
in Tables 1, 2, and 3 for a duration greater than or equal to one hour on any
single day or exceeds 150% of the fimits provided for the given connection
voltage for a duration greater than five minutes on any two days during a six
month periad is in violation of the Project performance criteria.




Connection Point Voltage >161000 V

Table 1. Current Injection Harmonic Distortion Limits:

_Individual Harmonic Order (Odd Harmonics

bsellioaa H<11 11sh<17 17sh<23 235h<35 h>35 TDD
<50 2.0% 10 % 0.75 % 03% 0.16 % 26 %
250 3.0% 1.5 % 1,15 % 0.45% 0.22% 3.75%

"Notes: Even harmonics are jimited to 26% of the odd harmonic limits above
Current distortions that result in DC offset are not allowed
l,aa is the maximum load current (fundamental frequency component) at the Connection
Poaint
lsc is the maximum short-circult current at the Connection Point
TDD (Total Demand Distortion) Is the total harmonic current distortion expressed in % of
maximum demand load current

Table 2. Current Injection Harmonic Distortion Limits:
Connection Point Voltage 69001 V to 161000 V

individual Harmonic Order (Odd Harmonics

[ Hs11 11shs17_ | 17sh<23 23sh<35 h235 TDD
<20 20% 1.0% 0.75% 0.3% 0.16 % 25%
20<50 35% 1.75% 1.26 % 0.5% 0.25% 4.0%
50<100 5.0 % 225% 20% 0.76 % 0.35 % 6.0 %
100<1000 60% 2.75% 2.5% 1.0% 0.5% 75%
>1000 7.5 % 35 % 3.0% 1.25 % 0.7% 10.0%

Table 3. Current Injection Harmonic Distortion Limits:
Connection Point Voltage 120 V to 69000 V

Individual Harmonic Order (Odd Harmonics)

lsclhioa H<11 1Mshs17 | 17sh<23 | 23shs3s h235§ TP0
<20 40% 2.0% 15% | _068% 03% 50%
20<50 _70% 35% 25% 1.0% 0.5% 8.0%
50<100 10.0% 45% 40% 15% 07% 120%
100<1000 12.0% 55% 5.0% 2.0% 1.0% 15.0 %
>1000 15.0% 70% 8.0% 25% 14% 20.0 %

f. Voltage Unbalance

The maximum Voitage Unpalance any Project is allowed to introduce on the Duke
ET System at the Connection Pointis 1%. Any Voltage Unbalance condition
greater then 1% that has a duration greater than or equal to one minute is in
violation of the Project performance criteria.

g. Temporary Overvoltages
The Project may not oberate its equipment or system in such a manner as to

cause a temporary overvoltage at the Connection Point greater than or equal to
120% of the nominal system voltage. A temporary overvoltage is defined as an -
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oscillatory phase-to-ground or phase-to-phase overvoilage lasting greater than 20
mifliseconds which is undamped or only weakly damped. Any temporary voltage
condition caused by the operation of the Project’s equipment that results in a
temporary overvoltage greater than or equal to 120% of the nominal system
voltage at the Connection Point Is in violation of the Project performance criteria.

h. Transient Overvoltages o ,

The Project may not operate its equipment or system in such a manner as to
cause a peak transient voltage at the Connection Point greater than or equal to
140% of the nominal peak voltage. A transient overvoltage is defined as the peak
line-to-tine or line-to-ground voltage during the transient conditions resulting fram
operation of a switching device. Any transient voltage condition caused by the
operation of the Project’s equipment that results in a peak transient voltage
greater than or equal to 140% of the nominal peak voltage at the Connection
Point is in violation of the Project performance criteria,

I Standards for Degradation of Transmission System
Reliabllity and Integrity by Customers

This section prescribes a comprehensive approach for limiting the degradation of
transmission system Reliability and Integrity by customers while the sections
immediately preceding address some specific areas of interest. In any case, the
more stringent limitation applies.

Customers shall not cause power disturbances on the Duke ET System that
exceed any of the annual limits listed below. Customers exceeding any of these
annual limits shall be considered to have violated the Standards for Degradation
of Transmission System Reliability and Integrity (R&l) by Customers.

1. Creation of more than 0.0067 Sustained Outages per 1 MW of
customer's load (SA/F! of 0.0087 per MW load).

2, Creation of more than 0.0333 Momen(éry Interruptions or
Equivalent Faults per 1 MW of customer's load (MAIF! of 0.0333
per MW foad).

3. Creation of more than 400 Customer Equivalent Incapacitating

Disturbances (CEID) per 1 MW of customer's-load.

The Standards far Degradation of Transmission System Reliability and Integrity
by Customers applies to future system changes and reconfigurations whether
these changes are initiated by the customer or the utility.

The result of the calculations in limits 1, 2 and 3 above will change If the
customers load changes.

The result of the calculation for limit 3 is also subject to change if the number of
Customer Equivalent Incapacilating Disturbances changes. This could result
from a change in the number, size or location of other customers or changes in
the utility facliites feeding other customers. A customer may elect to pay for
dedicated facilities, with utility approval, to fimit-the future risk of exposing other
customers to Incapacitating Disturbances in limit number 3.




2 Duke ET System Characteristics

All Project equipment connected to the Duke ET System should be designed to operate
within the system conditions defined in this section. These characteristics are typical to

the Duke ET System during normal and contingency conditions, but may be exceeded for

very short times or if exceptional circumstances prevail.

a. Frequency

The frequency of the Duke ET System shall be nominally 60 Hz and shall be

controlled within the limits of 59.9 Hz - 60.1 Hz unless exceptional circumstances

prevail. System frequency could fise to 61 Hz or fall to 59 Hz under exceptional

circumstances.

b. Steady-State Voltage Variations

The Duke Electric Transmission System Planning Guidefines for voltage
regulation and range at the Connection Point are listed in Table 4.

Table 4. System Voltage Variations at the Connection Point

Absolute Voltage Voltage Regulation
Nominal
Voltage (kV) | Minimum Maximum Normal Contingency
44 94 % _109% 8.5% 10%
100 95 % 107% 6% 7%
230 95 % 105% * *
500 100 % 110% * *

* On 230kV and 500kY, maximum allowable contingency drop is 5%.

C.

Harmonic Voitage Distortion

The maximum harmonic voltage distortion at the Connection Point for each
transmission volitage level is defined in Table 5.

Table 5. System Harmonic Voltage Distortion Limits

Nominal Voltage (kV) Maximum Individual Maximum Total Voltage
Harmonic Voltage Distortion Distortlon (%)
(%)
4“4 30 5.0
100 1.6 25
230 1.0 1.6
500 1.0 1.5

The limits in Table 5 represent the maximum harmonic voltage distortion at a
given connection voltage for a duration less than or equal to one hour on any
single day. The maximum hammonic voltage distortion will not exceed 150% of

the limits for a given connection voltage for a duration greater than five minute on
any two days during a six month period.
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d. Voltage Unbalance

The maximum Voltage Unbalance on the Duke ET System at the Connection
Point for a duration greater than or equal to one minute will be less than or equal
to 2.0%. ‘

e.  Transient Overvoltages

The maximum peak transient overvoltage at the Connection Point will be less
than or equal to 200% of the nominal system peak voltage.

f. Temporary Overvoltages

The maximum temporary overvoltage at the Connection Point will be less than or
equatl to 180% of the nominal system voltage. For Effectively Grounded portions
of the Duke ET System, the maximum may be significantly lower than 180%.

E. Protection Requirements

This section establishes the minimum design objectives and recommended design philosophy for
the protective systems associated with a ioad delivery from the Duke ET System. A protective
system is defined as those components used colleclively to detect defective power system
elements or conditions of an abnormal or dangerous nature, to initiate the appropriate control
circult action, and to isolate the appropriate system components in order to alleviate or minimize
the harmful effect of the abnormality.

In analyzing the relaying practices to meet the broad objectives set forth, consideration must be
given to the type of equipment to be protected, e.g., generators, lines, transformers, buses, etc.,
as well as the importance of the particular equipment to the integrity of the transmission system.
Thus, practices may vary for different equipment, and for different applications of the same type of
equipment. While it is recognized that the probability of failure should not negate the single
contingency principle, the practices adopted may vary, based on judgment and experience as to
the development of a workable and practical set of standards, Special local conditions or
considerations may necessitate the use of more stringent design criteria and practices.

1.
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Protective Relaying Philosophy
a. Objecti\ies
The basic design objectives of any protective scheme are to

Insure safety of the general public

Maintain dynamic stability; v
Prevent or minimize equipment damage;

Minimize equipment outage time;

Minimize the system outage area;

Minimize system voltage disturbances;

Allow the continuous flow of power within the ratings

of equipment on the system.
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b. Protective System Design Considerations

The philosophy in the implementation of any protection system should be to
detect and isolate all failed or fauited components as quickly as possible, while

.minimizing disruption to the remainder of the electric system. This objective

implies that a protection system should be: (1) dependable - operate when
required, (2) secure - not operate unnecessarily, (3) sefective - only the minimum
required number of devices should operate, and (4) fast - minimize hazards to
personnel and damage to equipment. In addition, backup protection should clear
any fault upon failure of the protactive equipment in the primary protection
system,

c. Operation

Operation of the Project should not adversely affect the Duke ET System. This
includes switching operations as well as faults within the Project. The Project
Sponsor is responsible for providing protection for the Project and muyst
demonstrate that their own equipment properly protects all of thelr facilities. The
Projact should not be designed or operated with a ground source at the
connected voltage unless specifically approved by Duke ET.

d.  Fauit Analysis

All operations of protective devices within the Project are to be reviewed and
documented. This information will be available to Duke ET on request to assist in
analyzing fault operations on the Duke ET System. To facilitate the analysis of
system disturbances and the evaluation of system operation, fault recorders may
be required on certain types of complex substations and at all large unit
generating stations connected to the Duke ET System. Fault recording functions
in microprocessor relays may provide the detailed data needed to perform the
analysis.

e, System modifications beyond the Connection Point

System protection modifications to the Project are to be reviewed by Duke ET
before changes are made. These changes are defined as changes in
interrupters, lines, transformers, protective devices and protective settings. This
review is needed to insure proper operation of the power systems and
coordination of protective devices.

f. Maintenance of Equipment

Project Operator will perform protection equipment maintenance on a regular
schedule. This is to include the following:

Functional testing of trip circuit

Functional testing of interrupter

Calibration testing of protective devices settings
Inspection and maintenance of power dc¢ sources
Inspection and maintenance of interrupter

100-kV Load Delivery (radial load at Connection Polnt)

Duke ET will be responsible for providing protection for the Duke ET System.




Protection beyond the Connection Point is the responsibility of the Project
Sponsor and/ or Project Operator and must be coordinated with Duke ET System
protective devices.

The Project Sponsor may be required to provide a Protection Station immediately
beyond the Connection Point to provide protection for the Project.

Protection will include devices to detect and interrupt ali types of fauits. This
generally will include overcurrent protection for both phase and ground faufts and
a three phase interrupting device.

The overcurrent protection should provide both instantaneous tripping for high
value fauits and time delay (Inverse) tripping for lower valye faults.

All protective relays will be in service at all times and not be blocked for automatic
or manual testing of the Project. When required for switching, ground relays may
be blocked.

One time delayed automatic reclose to the Project can be performed. Up to two
time delayed automatic recloses may be allowed on 44-kV deliveries if fed directly
from a tie station bus. Reclosing intervals must be coordinated with the Duke ET
System reclosing devices.

Manual testing of the Project after a lockout is to be coordinated with Duke's TCC
before testing the fine.

Fault monitoring/location equipment is recommended at Protection Stations.

Functional testing of protective circuits and interrupting device should be regularly
performed.

Al protective device operations at transmission voltages will be analyzed and
documented.

100-kV Load Delivery Requiring a New Duke ET -Owned Tap
Line

Protection of any Duke ET -owned tap line will be reviewed to determine if additional
protection is required. If additional protection is required due to the addition of the
Project, 1t will be to protect Duke ET -owned facilities and the Project Sponsor is still
required to provide protection as defined in Section 2 (above) for the Project. The length
and location of the Duke ET -owned tap line will determine if Duke ET System requires
additional protection. .
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If Duke ET System’'s standard protective devices can not detect faults at the end
of the Duke ET -owned portion of the tap line, additional protection will be
required. This will either require a protective device and interrupter at the
transmission line tap or additional protective devices on the transmission line.

If additional protective devices are needed on the Duke ET System, then zone
distance pilot relays at each end of the transmission line may be required, Also a
communication channel between the two ends of the line may be required. This
scheme may be used to allow the reach of the distance relay to be extended to
the end of the tap line without causing the transmission line to trip for remote
faults not on the line.




F.

4 Dual Feeds to Project, 44-kV, 230-kV and Higher, etc.

These will be evaluated as needed. The protection requirements for this type of station
vary with the location and type of feeds,

Metering and Telecommunication Requirements

All Projects that are connected to the Duke ET System will require revenue-accuracy-metering
equipment (i.e. metering enclosure with meter and assoclated equipment, instrument
transformers, and certain Interface enclosures with assoclated isolation devices). This section
states the minimum requirements for metering and telecommunlcatlon assoclated with a load
delivery from the Duke ET System.

1. Supervisory Control and Data Acquisition (SCADA)

Loads larger than 100 MVA may require SCADA depending an their location to ensure
that the TCC has the information necessary for maintaining system reliability.

The following data may be required:

. Connection Point isolation device(s) status

. Load MW and MVAR measured at the Connection Point

. Voltage at the Connection Point

. MW and MVAR line flow on any transmission line coming into the substation
2. Metering

Metering equipment should be instailed, If possible, at the Connection Point. If not
installed at the Connection Point then powaer transformer and/or line losses will need to be
considered.

a.  Metering Equipment Requirements

A solid state meter shall be used to measure the real and reactive power
interchange between the Duke ET System and the Profect. Three-element, three-
phase, four-wire meters shall be utilized on wye connected power systems. Two-
element, three-phase, three-wire meters shall be utilized on delta connected
power systems.

A bi-directional watt/var-hour meter may be necessary if there is power flow in
and out of the Duke ET System.

For metering equipment located in the Project substation, the installation of a
metering bypass is suggested, but not required. For the replacement of failed or
malfunctioning equipment a metering bypass is necessary to maintain power flow
to the Project. If a metering bypass is not installed, an outage will be required to
replace the failed or malfunctioning equipment.

The metering devices must be fuily compatible (approved meter type and
communijcation media) with Duke ET System s remote metering and data
acquisition system.
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b. Meter Accuracy

Meters shall be calibrated ta 0.5% accuracy at unity power factor for both full load
and light load. These meters shall be calibraled to 1.0% accuracy for 0.5 power
factor at full load. Metering accuracy limits are stated in the following table,

METER ACCURACY LIMITS _
Watt-hour Function Var- oA
FullLoad Power Factor Light load Power Factor -
+- 05 +-10 +-05 _ +- 1.0
Notes:

»  Wait-hour and var-hour functions should be tested in both directions of energy flow
(In and Out).

* When compensating for transformer or line loss, utllize stated limiis above or §% of
desired compensation, whichever is greater.

* The meter shall be tested with compensation applied to obtain a true test of the

installation.
Test Polnts Volts . Amps Power Factor
Eull Load 120 5 1.0
Power Factor 120 5 0.5
Light Load 120 05 1.0
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C. Instrument Transformers

Voltage and current transformers shall be 0.3% metering accur@gy class for both
miignitude and phase angle over the burden range of the installed metering
circuit. Instrument transformer Gmrection factors may be applied to the meter to
adjust the meter for inaccuiracies associated with the secondary burdens in the
current trairsformmer and voltage transformer circuits. All instrument transformers
shall complywith ANSI/IEEE Standiard C57.13.

d. Loss Compensation

if the metering is not located at the Connection Point, then power transformer
and/or line loss compensation will need to be considered. DiJke ET approved
power transformer and/or line loss compensation values should be applied to the .
meter to properly compensate for the losses in the power transformer and/or line.

e.  Access to Metering Data

If access to the meter is required, proper security measures must be taken to
ensure the Integrity of the meter is not compromised, If data pulses are required
from the revenue meter, then the appropriate interface box with assaxiated.
equipment must be installed to properly protect the revenue meter, If an
addttional information meter is requested, good engineering practices must be
adhered to when terminating the connections in the meter circuit to ensure the
integrity of the revenue-accuracy metering circuit i intact.




f. Station Service Power

Metering requirements for the Station Service Power, if any, will be determined on
a case-by-case basis.

9. Calibration of Metering Facilities

Metering facllities shall be tested and calibrated if necessary every two years.
More frequent test intervals may be negotiated. All interested parties or their
representatives may witness the calibration tests. Calibration recards shall be
made available to all interested parties. The accuracy of the standard utilized for
calibration purposes shall be traceable to the National Institute of Standards and
Technology, (NIST).

3. Voice Communication

Requirements, if any, will be determined on a case-by-case basis.

4, Telecommunications for SCADA

Consist of elther leased phone lines, microwave channels, or fiber-optics from the site to
the TCC. Factors involved in selecting a type of circuitry are availability, proximity to the
site, and cost. Fiber is preferred. These are dedicated channels and are not redundant.
5. Telecommunications for Revenue-accuracy metering

A compatible and reliable communication media must be provided and maintained, to
enable Duke ET to interrogate the meter, collect, merge, and store metering and usage
data with Duke ET System’s remote metering and data acquisition system.

6. Telecommunications for Protection Systems

Most Projects connected to the Duke ET System will not require any special
communication devices/clrcuits for protection. A local voice/alarm circuit is recommended
when an interrupting device is installed.

If the Project can back-feed the Duke ET System elther from a generator or altemate

source, then the protection system may require communications with remote ends of
Duke's transmission line. These will be evaluated on a case-by-case basis.
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IV.  FACILITY CONNECTION REQUIREMENTS ~ GENERATION AND
-INTERCONNECTION FACILITIES

A. Scope

The technical requirements contained herein generally apply to all generation facilities and
Interconnections to the Duke ET System. The location of the connection and the impacts on the
Duke ET System, or another utility's system, determine the specific requirements. The Project
must not degrade the safe operation, integrity, or reliability of the Duke ET System.

* Applicable Codes, Standards, Criteria and Regulations

To the extent that the Codes, Standards, Criterla and Regulations are applicable, the
Project shall be in compliance with those listed in the References section of this
document and others that are applicable.

» Safety, Protection, and Rellablity

Duke ET, after consultation with the Project Sponsar and other relevant parties, shall
make the sole and final determination as 1o whether the Duke ET System is properly
protecled from any problems that the Project might cause before a connection is closed.
The Project Sponsor is responsible for correcting such problems before connected
operation begins. The Project Sponsor is responsible for safety, protection, and reliability
on the Project side of the Connection Point.

¢ Non-Duke Responsibilities

Project Sponsors and Project Operators shall comply with NERC Planning Standards and
Operating Policles. The Project Sponsor is responsible for the planning, design,
construction, reliability, protection, and safe operation of non-Duke-owned facilities. The
design and operation of the Project is subject to applicable local, state and federal
statutes and regulations.

o Cost of Connectlon Reviews

The Project Sponsor requesting Duke ET to perform a Connection Review will reimburse
Duke ET for its actual costs to perform the study. This includes costs associated with
verifying that all technical requirements In this document are properly addressed.
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B. Request for Generation and Interconnection Studies

Project Sponsors should contact Duke Electric Transmission as early as possible in the planning
process for any potential new/modified utility Inferconnection or generation coninection to the Duke
ET System. The Project Sponsor should supply information about the location, voltage, and other
pertinent connection requirements. Certain areas within the Duke ET System can accept only
limited amounts of additional generation without costly reinforcements. Duke £T may have to add
to or modify its transmission system substantially before connecting a new Project. A Connection
Review must be performed to determine the required connection facilities and modifications to
accommodate the FProject. This study may also address the transmission system c¢apabliity,
transient stability, voltage stability, losses, voltage regulation, harmonics, voltage flicker,
electromagnetic transients, ferroresonance, metering requirements, protective relaying, substation
grounding, and fault duties. If necessary, joint study with neighboring control areas may be
performed to assess the impact of the Project. The data that the Project Sponsor is required to
provide to enable the completion of these studies is listed in the Project Sponsor Supptied
Information section.

Proposals for Interconnection with other control areas will require a Connection Review. The new
Interconnection would require development of a new, or modification of an existing interchange or
Interconnection agreement. In addition to the technical aspects of the new Interconnection, a
business case would have to be developed to examine the economics of the proposal.

1. Connection Configuration

Projects may be connected to the Duke ET System by tapping an existing transmission
line(s) or by connecting directly into an existing transmission station. A new transmission
switching station may be built in the middle of an existing transmission line. Duke's 500-
kV and 230-kV transmission systems are typically reserved for the bulk transport of large
amounts of electriclty.

The number of available connection options is dependent upon many factors, including
locatlon of the desired Connection Point relative to existing Duke transmission facilities,
the size of the Project's generation, present transmission line loading, and other
requirements of the Project. The most feasible option(s) will be consldered in the
Connection Review, with the most economic option meeting all requirements being
selected.

2. Power Flow

The Project is incorporated into power flow models by Duke ET using the data provided
by the Project Sponsor, Power flow simulgtions are performed to determine the impact of
the Project on the transmission system. The Project Sppnsor must provide the expected
source and sink of energy related to the Project. The primary intent is to determine if the
Project causes any violations of the Duke Electric Transmission Planning Guidelines
(Pianning Guidelines), which Is part of Duke's annual FERC 715 filing, the SERC Planning
Principles and Guides, or the NERC Planning Standards (collectively, Planning
Standards). A summary of these guidelines is provided below:

a. Thermal and Voltage Screening

The purpose of this study is to ensure that the connection of the Project does not
create any thermal loading or voltage levels outside of the limits provided In the
Planning Guidelines. Profect information obtained from the Project Sponsor is
used to model the Project. Power system simulation tools are used to model a
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wide range of transmission system operating conditions to determine the thermal
loading and voltage level changes created by the Project on the Duke ET System.

b. Transfer Capability

The purpose of this study is to ensure that the connection of the Project does not
reduce the ability of the transmission system to transport power over long
distances between and among control areas. Joint studies with other utilities may
be necessary. Transfer Capability requirements are detailed in the Planning
Standards. Power transfers are simulated across the Duke Electric Transmission
System in varlous directions to determine how the Project affects Duke's ability to
transfer power across its system and to and from other control areas.

c. Fault Duty

The purpose of this study is to determine the changes in available fault duty
caused by the iject. Transformer, line and generator impedances, and the
circuit configuration are needed to create the model for the study. The data is
inserted into the current Duke ET madel. The new generation buses and those
local to it are faulted to allow comparison with fault conditions prior to the addition
of the Project, The study results are reviewed to ensure that no equipment
ratings will be exceeded and are utilized for determining the type of grounds used
for personnel protection for conducting de-energized line and station work.

d.  Stability

Dynamics software is used to evaluate the impact of the new system
configuration and additional generating capacity on system stability. In addition to
the normal steady state modei data, generator impedances and time constants,
turbine governor data, and voltage regulator data are needed to create a mode}
for the study. The new generation buses and those local to it are faulted to
evaluate system stability with and without the Project. Study results are evaluated
to ensure system stability will be maintained and that any necessary changes to
relaying or contrals are identified. See the General Raquirements section for
more detail on generator controls.

3. Protection

After studying the possible ways o connect the Project to the Dyke ET System, the
protective requirements will be determined. This will include an impedance model at the
Connaction Roint (short-circuit data), protective changes fo the transmission system,
protective requirements for the generation and any speclal protective needs forthe
‘Project. See the General Requirements and Protection Requirements sections for more
details on these requirements.

4. Power Quality and Rellability

There is a very diverse set of users connected to the Duke ET System with dliffering
system requirements. In the past, most customers were only concerned with extended
interruptions. However, the increased use of highly sensitive power electronic devices
within all customer sectors has changed the definition of reliability. Due to the sensitivity
of many industrial and commercial loads such as adjustahle speed drives (ASDs) and
computer controlled processes, reliability is no longer only defined by the frequency and
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duration of sustained interruptions. There are many power quality variations other than
sustained interruptions than may constitute inadequate service for the proper operation of
customer equipment. Varlations such as Volfage Unbalance, voltage flicker, harmonic
distortion, transient overvoltages, temporary overvoltages and steady-state voltage
regulation can adversely affect customer processes.

The challenge for the fransmission owner is to design and operate the transmission
system such that it meets the requirements of this diverse set of users. To meet this
challenge, Duke Electric Transmisslon performs studies to determine the power quality
and reliability impacts of any new Project on the Duke ET System at the Connection Point.
The intent of these studies Is to ensure that the connection of the Project does not
compromise the reliabllity and integrity of the Duke ET System.

The studies performed for each new Project may include:

a. Voitage Unbalance

The purpose of this study is to ensure that the operation of any new Project does
not create a Voltage Unbalance condition in excess of the limits provided in the
Performance Requirements section. Project information obtained from the
Project Sponsor is added to the power system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to determine the range of Voltage Unbalance created by the
Project at the Conneclion Point.

b. Voltage Flicker

The purpose of this study is to ensure that the pperation of any new Project does

' nof create voltage fluctuations in excess of the limits provided in the Performance
Requirements section. Project information obtained from the Project Sponsoris
added to the power system model. Using power system simulation fools, studies
are performed over a‘wide range of transmission system operating conditions to
determine the range of voltage fluctuations created by the Project at the
Connection Point.

c. Harmonic Distortion

The purpose of this study is to ensure that the operation of any new Project does
not create harmonic current injections in excess of the limits provided in the
Performance Requirements section. Project information obtained from the
Project Sponsoris added to the power system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to defermine the range of harmonic distortion created by the
Project at the Connection Point.

d..  Transient Overvoltage

The purpose of this study is to ensure that the operation of any new Project does
not create a transient overvoltage condition in excess of the limits provided in the
Performance Requirements section. Project information obtained from the
Project Sponsoris added to the pewer system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to detérmine the range of transient overvoltages created by
the Project at the Connection Point.
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e. Temporary Overvoltage

The purpose of this study is to ensure that the operation of any new Project does
not create a temporary overvoltage condition in excess of the limits provided in
the Performance Requirements section. Project information obtained from the
Project Sponsor is added to the power system model. Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to determine the range of temporary overvoltages created by
the Project at the Connection Point.

1. Temperary Undervoltage

The purpose of this study is to ensure that the operation of any new Project does
not create a temporary undervoltage condition in excess of the limits provided in
the Performance Requirements section. Project information obtained from the
Project Sponsor is added to the power system model, Using power system
simulation tools, studies are performed over a wide range of transmission system
operating conditions to determine the range of temporary undervoltages created
by the Project at the Connection Point.

g. Insulation Coordination

The purpose of this study is ta ensure that the operation of any new Project does
not create a condition that will require intervention of Duke-owned transmission
equipment in excess of the limits provided in the Performance Requirements
section, Project information obtained from the Project Sponsor regarding
insulation coordination studies is reviewed and must be approved by Duke ET
prior to connection. Duke ET may perform independent studies verifying the
models and assumptions used by the Project Sponsor are appropriate for their
appiication.

5. Changes to Project Sponsor-Supplied Informatijon
If any data previously supplied pursuant to these connection requirements changes, the

Project Sponsors or Project Operator will notify Duke ET in writing without delay. Data
changes may require additional studies to examine the impact. This notification will

include:

1. the time and date at which the change became, or is expected to become,
effective

2. if the change is only temporary, an estimate of the time and date at which the

data will revert to the previously supplied form.
A request for a change in Connection Point to the Duke ET System, level of generation, or

expected sink must be submitted as a new request. A new completion date will be
negotiated with the Project Sponsor or Project Operalor when Project data is changed.

6. Required Project Sponsor-Supplied Information

Any Project Sponsor desiring a new connection or modification of an existing connection
must provide the following applicable information:

1. Company name and contact name
2. Address
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Phone number, fax number, e-mail address of contact name
Effective date of new connection or modification
Proposed geographic location and Plot Plan providing orientation of the Project on
the Site (USGS map)
Electrical Connection Point
Voltage level of Proposed Connection
One-line diagram of Project
Start-up Date
Commercial Operation Date
Contract Path & Source and Sink for the energy
Duration of Contract
Expansion Plans
Number and Type of Units
Plant Start-up Load
Fuel Type
Total Generation Capabtllty (MW) — Summer and Winter ratings
Power Factor _
Generator Data (for each generator)
Manufacturer
Base MVA
Maximum MVA
Rated MW (Summer & Winter)
Rated kv
Rated Power Factor
% Reactance - Synchronous, Sub-Transient & Translent
Capabllity Curve Data
Auxiliary Load Data
Dynamic Modeling Data - H, Ra, Xd, Xq, X'd, X'q, X"d, X"q, XI, T'do, T'qo,
T*do, T°g0, $(1.0), $(1.2)
Governor & Excitation System Models — IEEE or PTI format
ep up Transformer Data
Manufacturer
Connection (Delta/Wye)
KVA ratipgs of all windings
H winding kV
X winding kV
Y winding kV
Transformer neutral load (if wye connected on the high side) in ohms
Impedance (%Z) and load losses (W) @kVA for all tap combmatlons of H-X,
H-Y, & X-Y
l. No foad losses and magnetizing current
Other transformer ratings, connegtions, voltage taps, impedances, and grounding
Transmission line voltage, conductor rating, impedance, length
Lightning protection designs for transmisslon lines and stations
Special requirements (e.g. sensitive equipment, dual feeds, elc.)
Preferred method of connection (ring bus, breaker and a half, etc.)
Relay schemes, relay settings, protection equipment
Maintenance schedules and procedures
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C. General Requirements

1. Safety

All safety and operating procedures for joint use equipment shall be in compliance with
the Occupational Safety and Health Administration (OSHA) standard 29 CFR 1910.269,
the National Electrical Safety Code (NESC), the Duke Power Safe Work Practices
Manual, the Duke Electric Transmission Operating Procedures Manual and the Projfect
Sponsor's safety manuals.
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a. Isolation Requirements

The Project Operator shall not energize any Duke ET System line or equipment
uniess the Duke TCC specifically approves energization. If, for any reason, a
protective device operation separates the Project from the Duke ET System, the
Project Operator will contact the Duke TCC before attempting to restore the
connection to the Duke ET System.

At the Connection Point with the Duke ET System, a disconnect switch shall be
provided for the purpose of physically and visibly isolating the Project from the
Duke ET System. With the consent of Duke ET and the Project Sponsor, the
disconriect switch may be installed at another location, other than the Connection
Point, provided that the purpose described herein is satisfied. The device:

. Must be accessible by Duke ET and under Duke TCC jurisdiction.

. If gang-operated, must be lockable in the open position by Duke ET.

. Must be suitable for safe operation under the conditions of use.

. Would not be operated without advance notice to either party, unless an
emergency condition requires that the device be opened to isolate the
Projact.

Duke ET personnel may open the switch:

. If it is necessary for the protection of Duke £T maintenance crew
personnel when working on de-energized circuits,

. If the Project or Duke ET System equipment presents a hazardous
condition.

Consideration shall be given as to the design and capacity of the switch on a
case-by-case basis. The switch is required for safety and may not be required to
interrupt load or energization (charging) current. However, a suitable switch for
the safety requirements herein described may also be used to provide for other
operational purposes.

b. Cogeneration Served by the Project

The Project Sponsor shall maintain a record of all cogeneration customers served
by the Project and such record shall be made available to Duke ET. For the
requirements of energized line maintenance or line construction on the Duke ET
System, the Project Sponsor will ensure that all cogeneration customers served
by the Project will disconnect their generation upon request by Duke ET, -
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Connection Point Considerations

General Configurations and Constraints

Integration of Projects into power systems usually falls into one of the following
three categories:

1
2)

3)

b.

Connection into an existing 44-kV to 500-kV substation.

Connection on the low-voltage side (typically 4-kV to 24-kV) of a new or
existing customer service transformer that was originally designed to
serve load. Load Delivery Requirements apply to projects having
generating capability of less than 25% of minimum load.

Connection at 44-kV to 600-kV to a transmission line by building a new

" switching station in the vicinity of the Project.

Qther Considerations

Below are some of the other issues considered when evaluating Project
proposals:

1) Equipment

Existing electrical equipment, such as transformers, power circuit
breakers, disconnect switches, and line conductars were purchased
hased on the duties and capacity limits expected In response to system
additions identified in long-range plans. However, with the connection of
a new generating resource or large loads, some equipment may become
overloaded and need to be replaced.

2) Outage Coordination & Maintenance

Duke ET operates and maintains its system to provide reliable customer
service at all times. Project integration requires that the equipment at the
Point of Connection not restrict timely outage coordination, automatic
switching or equipment maintenance scheduling. Preserving reliable
service to all Duke ET customers Is essential and may require additional
switchgear, equipment redundancy, or bypass capabilities at the Point of
Connection for acceptable operation of the system.

3) Atmospheric & Seismic

The effects resulting from wind storms, floods, lightning, altitude,
temperature extremes, and earthquakes must be considered in the
design and operation of the Project. The Project Sponsor is responsible
for determining that the appropriate standards are met, including, but not
limited to, the Uniform Building Code (UBC) and the Natlonal Electrical
Safety Code (NESC). Depending on Profect location, size, type, and
importance, Duke Energy may request that additional capabilities be
designed into the Project. '




3. Substation Grounding

Each generation site and/or Interconnecting substation must have a ground grid that
solidly grounds all metallic structures and other non-energized metallic equipment. This
grid shall limit the ground potential gradients to-such voltage and current levels that wil
not endanger the safety of people or damage equipment which are in, or immediately
adjacent to, the station under normal and fauit conditions.

if the Project is physicaliy close to another substation, It Is recommended that the two
ground grids be connected. The interconnecting cables must have sufficient capacity to
handle fault currents and control ground grid voitage rises. Duke ET must approve any
connection to a Duke substation ground gnid. If the ground grids must be isolated for
operational reasons, there must be no metallic ground connections between the two
substation ground grids. Cable shields, cable sheaths, station service ground sheaths,
and overhead transmission shield wires can all inadvertently connect ground grids. Fiber-
optic cables are an excellent choice for telecommunications and control between two
substations to maintain isolated ground grids. In the case where the Project is physically
close to another substation but the ground grids are isolated, the Profect Sponsor must
demonstrate that the ground grids are properly isplated and in compliance with all
applicable codes and standards. Duke ET prefers to connect static wires on incoming
transmission lines to the station ground grid. If the Project Sponsor prefers not to connect
static wires on incoming transmission lines to the station ground grid; the Project Sponsor
must notify Duke ET in writing and demaonstrate that relay performance, lightning
protection, and personnel safety are not compromised by isolating the static wires from
the station ground grid.

The Project ground grid should be designed to ANSIAEEE Std, 80-1986, IEEE Guide for
Safety in AC Substation Grounding, and should be measured In accordance with IEEE -
81 Part 1. Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Potentials
and Part 2: Measurement of Impedance and Safety Characteristics of Large, Extended or
Interconnected Grounding Systems. Project grounding requirements shall aiso comply
with the National Electrical Safety Code, ANSIIEEE - 665 Guide for Generating Station
Grounding, IEEE - 837 Standard for Qualifying Permanent Cannections Used in
Substation Grounding, IEEE - 487 Protection of Wire-Line Communication Serving
Electric Power Stations, ANSVIEEE 367-1987 IEEE Recommended Practice for
Determining the Electric Power Station Ground Potential Rise and Induced Voltage from a
Power Fault, and any applicable state and |ocal codes.

4. Insulation Coordination

Power system equipment is designed to withstand voltage stresses associated with
expected operation. Connection Studies include the evaluation of the impact of the
Project on equipment insulation coordination. Duke ET identifies additions required to
maintain an acceptable level of Duke ET System availability, reliability, equipment
insulation margins, and safety.

Voitage stresses such as lightning surges, switching surges, temporary overvoltages, and
normal 60Hz voltages may affect equipment duty, Remedies depend on the equipment
capablitty and the type and magnitude of the stress. Below are the requirements that
must be met to connect to the Duke ET System. In general, stations shall be protected
against lightning and switching surges. Typicaliy this includes station shielding against
direct lightning strokes, surge arresters on all wound devices, and shielding on the
incoming Iines.
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a. Lightning Surges

Lightning is the single largest cause of transmission line events in the Duke ET
System service area and must be considered during the design and installations
of transmission lines and substations, Lightning related causes are not exempt
from the Performance Requirements sectlon. Aithough it is not always cost
effective to design and build a pawer system to withstand every possible lightning
stroke, it has been demonstrated that with proper design and installation
procedures, the affects of lightning can be mitigated to achieve a reliability level
equal to or exceeding the requirements of the Project performance criteria
section. Techniques used to help control lightning related events on transmission
lines include proper use of shield wires, insulation levels, low resistance
grounding, and surge arresters. Techniques used to help control lightning related
outages in substations include substation shielding, proper arrester applications,
and shielding of incoming transmisslon lines.

if the Project proposes to tap a Duke transmission line that |s shielded, the new
tap line must also be properly shielded for at least one mile from the Duke ET
Systern. If any stations are within one mile of the Duke ET System, these also
must be properly shielded from direct lightning strokes. The Project Sponsor
must be able to demonstrate proposed designs for any transmission lines and
substations will perform within the limits for service interruptions as stated in the
Performance Requirements section,

For transmission line design, an industry recognized lightning performance
estimating algorithm may be used to demonstrate acceptable performance of the
design. The Projfect Sponsor must make reasonable assumptions based on the
area that the transmission line will be installed including ground flash density and
grounding conditions. The Project Sponsor must be able to provide an alternative
plan If the ground conditions required for acceptable performance are not
achleved during construction of the transmission line.

For substation design, the Project Sponsor must be able to demonstrate their
proposed designs will operate within the performance requirements. The
shielding designs and arrester applications shall adhere to applicable IEEE
standards. In addition, any normally open points that are subject ta vollage
“doubling” of incoming lightning surges must be considered and protected

accordingly so the Performance Requirements are not violated.

b. Switching Surges

At voltages below 500-kV, madifications to protect the Duke ET System against
Project-generated switching surges are not anticipated although the Gonnection
Review identifles the actual needs. At 500-kV, Duke ET may require that
arresters be added at the line terminatlons of the substations if switching surge
studies predict overvoltages that may otherwise cause a flashover at the Project’s
facilities.

c.  Temporary Overvoltages

Temporary overvoltages can last from seconds to minutes, and are not
characterized as surges. These overvoltages are usually present during faults
and other abnormal system conditions. The Duke ET System is typically
cansidered Effectively Grounded at 100-kV and higher voltages. However, the
44-kV system is not Effectively Grounded in all locations. These systems may be
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impedance grounded and can have line to ground voltages approaching 1.73
times normal line to ground vollage during fault conditions on unfaulted phases.
It is not acceptable for the Project to supply any ground source for the
transmisslon system unless speciflcally approved and coordinated with Duke ET.

When generation is connected to the low-voltage side of a deita-grounded wye
(D-YG) transformer, remote end breaker operations initiated by the detection of
faults on the high-voltage side can cause overvoltages that can affect personnel
safety and damage equipment. In these instances, Duke ET will require the
Project to rapidly separate the generator from the step-up transformer by tripping
a breaker using either remote relay detection with pilot scheme (transfer trip) or
local relay detection of overvoltage condition.

A system study may be performed for each Project based on the point on the
Duke ET System that is being connected. The Project Sponsor will be supplied
the system characterlstics needed to calculate the temporary overvoltages that
need to be considered. Gapless metal-oxide surge arresters are especlally
sensitive lo system temporary overvoltages and Duke ET may review the
specification of arresters used on 44-kV gsystems to ensure proper application.

d. Normal Operating Voitages

The Duke ET System voltages are normally operated within the limits specified in
the Performance Requirements section of this document. Insulation Coordination
usually does not need to consider this operating range once lightning and
switching surge requirements are met; however, in highly contaminated areas,
special consideration and additional insulation requirements may be required for
proper insulation coordination, The Project Sponsor is responsible for
determining whether special insulation requirements are needed for its system.

Inspection, Testing, Calibration and Maintenance

The Project Sponsor and Project Operator have full responsibility for the inspection,
testing, calibration and maintenance of its equipment, up to the Connection Point,
consistent with the power purchase, operating agreement or interconnection agreement,
Maintenance activities must be coordinated with the Project and TCC and/or SOC to
ensure the Duke ET System is not adversely affected.
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a. Preenergization Inspection and Testing

Before initial Project energization, the Project Sponsor or Praject Operator shall
develop an Inspection and Test Plan for preenergization and energization testing.
This plan should include provisions for testing protective equipment that comply
with the NERC Planning Standards, Section lll A, Guide G9. Duke ET will review
and must approve the test plan prior to the test, Duke ET may require additional
tests; the costs of these tests are subject to negotiation, The Sponsor shall make
available to Duke ET all drawings, specifications, and test records of the Project
equipment pertinent to interconnected operation,




b. Calibration and Maintenance

1) Revenue Metering

Revenue metering shall be tested and calibrated if necessary at least
every two years. More frequent test intervals may be negotiated. All
interested parties or their representatives may witness the calibration
tests. Calibration records shall be made availabite to all interested
parties. The Metering and Telecommunication Reqguirements section
should be reviewed for further details.

2) All other equipment

The Project Sponsor or Project Operafor shall implement a preventive
maintenance program for the Project equipment. The program shall be
designed and executed in a manner to ensure the proper operation of the
Project equipment. The program may be based on time or on other
factors, including performance levels or reliabllity. Appropriate equipment
performance data will be collected and maintained by the Project
Sponsor or Project Operator. Duke ET reserves the right to review the
Project’s preventive maintenance program. Maintenance records of the
Project equipment pertinent to interconngcted operation shall be made
available to Duke ET upon request.

6. Station Service

Power provided for local use at a substation to operate lighting, heat and auxiliary
equipment Is termed Statfon Service.

Alternate Station Service is a backup source of power, used only in emergency situations
or during maintenance when primary Stafion Service is not available usually only in large
switching stations,

Appropriate providers of Station Service and alternate Station Service are determined
during the Project planning process, including Project diagram development and review.
Generally, the utility with a distribution service will be the preference provider of primary
Station Service unless 1) it is unable to serve the load, or 2) costs to connect the local
utility are prohibitive.

The Project Sponsor must provide metering for Station Service and alternate Station
Service, as specified by the metering section of this document.

7. Isolating, Synchronizing and Black Starts

a. Isolation

The Project Sponsor is responsible for ensuring that proper current-interrupting,
isolating equipment Is acquired and instalied at the facility. This equipment will be
installed for the purposes of protecting the Project from faults or other undesirable
conditions on the transmission system, and to protect the transmission system
from faults internal to the Project.

During emergency conditions, the Project Operator's first duty is to ensure safety
guidslines are achieved and to protect station
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equipment. The Projfect Operator should have a Duke approved set of
procedures on file at the Duke System Operating Center (SOC) and at the Project
that are to be followed when separating from and reconnecting to the
transmisslon system, These procedures, jointly developed by the Profect
Operator and Duke ET, typically include: 1) a frequency limit duration table, 2) a
circuit breaker operation procedure, 3) a generator loading/circuit protection
procedure, and 4) a set of unit operating conditions that should be maintained to
prevent damage to the unit(s) and/or the transmission system.

The Project Operator should NOT energize any equipment, connect to any
energized equipment unless instnycted to do so by the Duke TCC, or parallel any
generation to the system unless instructed to do so by the Duke SOC System
Coordinator. If, for any reason, the Duke Electric Transmission System is .
disconnected from the Project (through a fault condition, line switching, etc.), the
protective equipment connecting the Project to the system must open and not
reclose until approved by the TCC.

b. Synchronization

The Project Operator shall be responsible for synchronizing its equipment to the
Duke ET System. If the Project is a participant in the Duke Emergency
Guidetines for Capacity Shortages, then the Project Operator should foliow those
procedures during the event of a system emergency. During all other conditions,
the generator should have Duke ET approved procedures in place when
connecting to the system. For automatic synchronization, a synchronizing relay
shall be Installed to assure that the unit is not connected to the energized power
system out of synchronization.

C. Blackstart

Blackstart is the condition when a unit of a generation Project starts up under
local power, in isolation from the Duke ET System. Blackstart capability is
needed in the rare event of a system restoration emergency. Depending on the
size and location of a Project, this service may be needed from that Project. Itis
generally not needed for small generators or for Projects in close proximity to
other major generation. If the Project Is supplying blackstart capability to the
Duke ET System, then it will be a participarit in the Duke Emergency Guidelines
for Capacity Shortages. In the event of a local or wide-spread blackout, those
guidelines should be followed to ald in the restoration of the system, If for any
event, generation is not running and the Project becomes completely de-
energized, the Profect Operator should advise the Duke System SOC Coordinator
of its status and await further Coordinator instruction.

Some issues Duke £T considers when determining whether to request the
capability of a Profect to provide blackstart capability include the following:

. Proximity to other generation (i.e. Can blackstart capability be provided
more efficiently from another Project?)

. Location of the Project on the transmission system (j.e. is the Project
near major load centers and far from other generation?)

. Cost of on-site start-up; and

. Periadic testing to ensure personnel training and capability.




D. Performance Requirements

All Projects must be properly designed, constructed, operated, and maintained to avold degrading
the rellabllity of the transmission network. A Project must comply with the FProject performance
criteria, listed below; and must be able to operate satisfactorily within the limits defined in the
Duke ET System Characteristics section, below, in order to be considered properly connected.
The Project Sponsor or Project Operator is expected to demonstrate, through maonitoring, that the
Project meets the performance criteria. Itis required that the criteria of Sectlons 1.a and 1. be -
continuously monitored. The remaining critetia must be met and considered in the design and
operation of the Project although these do not pecessarily have to be continuously monitored.
However, if problems are suspected at any time, Duke ET may require the Project Sponsor and/or
Project Operatorto demonstrate through monitoring the performance of the Project at the
Connectlon Point meets these requirements.

If the requirements are not met, the Project Sponsor or Project Operator must demonstrate to
Duke ET a plan to improve and meet the performance criteria. Additional relay and control
requirements may be developed and enforced by Duke ET after connection is made If these
performance criteria are violated. Enforcement of these performance criteria and penalties
associated with them are beyond the scope of this document and will be in Project-specific
contracts and operating agreements.

1. Project Performance Criteria

To ensure the reliability and integrity of the supply system, all Projects must meet the
Project performance criteria at the Connection Point. The following section detaits. the
Project performance criterla.

a. Transmission System Outages

The Project may not operate its equipment or system in such a manner as to
cause the unplanned outage of any Duke ET System components more than
once in any twelve month period, more than three times in any five year period, or
more than five times in any ten year period. An unplanned outage is defined as
the electrical isolation of equipment from the electncal system, without scheduling
and notification of Duke ET, such that the equipment is unable to perform its
intended function for the duration of the isolation.

b. Temporary Undervoltages

The Project may not operate its equipment or system in such a manner as to
cause temporary undervoltages at the Connection Point more than twice in any
twelve month period, more than five times in any five year period, or more than
eight imes in any ten year period. A temporary undervoitage is defined as an
oscillatory phase-to-ground or phase-to-phase voltage of 85% or less of nominal
voltage lasting greater than 20 milliseconds, occurring during fault conditions.
Undervoltages due to non-fault evenis are covered in the In the Voltage
Fluctuations and Flicker requirements. Multiple temporary undervoltage
conditions oceurring within one minute will be considered the same event.

c. Transient Overvoltages
The Project may nof operate its equipment or system In such a manner as to

cause a peak transient voltage at the Connection Point greater than or equal to
140% of the nominal peak voltage. A transient overvoltage is defined as the peak
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line-to-line or line-to-ground voltage during the translent conditions resulting from
operation of a switching device. Any transient voltage condition caused by the
operation of the Project’s equipment or system that results in a peak transient
voltage greater than or equal to 140% of the nominal peak voltage at the
Connection Point is not allowed.

d.  Temporary Overvoltages

The Project may not operate its equipment or system in such a manner as to
cause a temporary overvoltage at the Connection Point greater than or equal to
120% of the nominal system voltage. A temporary overvoltage is defined as an
oscillatory phase-to-ground or phase-to-phase overvoltage lasting greater than 20
milliseconds which Is undamped or only weakly damped. Any temporary voltage
condition caused by the operation of the Project's equipment or system that
results in a temporary overvoltage greater than or equal to 120% of the nominal
system voltage at the Connection Point Is not ailowed.

e, Voltage Fluctuations and Flicker

Per IEEE Standard 1453-2004, planning levels of P¢=0.8 and P,=0.6
define the allowable voftage fluctuation limits at the Connection Point. In
unique cases, higher limits can be considered with the understanding that
the customer operating the disturbing Project will be required to mitigate
the flicker that they cause, if significant customer complaints are
generated. Additionally, any single customer that creates disturbances
for other customers will be required to mitigate the disturbance,
regardiess of the actual measured value.

Operation of the Project’s system or equipment in such a manner as to
create a voltage fluctuation greater than 3% on the transmission system
or on the primary of the distribution system is not aliowed.

f. Harmonic Content/Harmonic Distortion

The maximum allowable harmonic current injections (percentage harmonic
distortion at each frequency as a function of load current) at the Connection Point
for Projects connected at 230-kV or 500-kV, 100-kV, and 44-kV are defined in
Table 1, Table 2, and Table 3, respectively. Operation of the Project’s system or
equipment in such a manner as to create a condition where the harmonic current
injection at the Connection Point exceeds the limits provided for in Tables 1, 2,
and 3 for a duration greater than or equal to one hour on any single day or
exceeds 150% of the limits provided for the given connection voltage for a
duration greater than five minutes on any two days during a six month period is
not aliowed.




Table 1. Current injection Harmonic Distortion Limits:
Connection Point Voltage >161000 V

Individual Harmonic Order (Qdd Harmonics)

Is/lioag h<11 11<h<f? | 17sh<23 | 23sh<35 | h>35 TDD
<50 20% | 10% 075% 03% 0.15% 25%
250 3.0% 15% 116% | 045% 0.22 % 375%

Notes: Even harmonics are limited to 25% of the odd harmonig limits above
Current distortions that result in DC offset are not allowed
laa is the maximum load current (fundamental frequency component) at the Connection

Point
l¢c is the maximum short-circuit current at the Connection Point
TDD (Total Demand Distortion) is the total harmonic current distortion expressed In % of

maximum demand [oad current

Table 2. Current Injection Harmonic Distortion Limits:
Connection Point Voltage 68001 V to 161000 V

Individual Harmonic Qrder (Qdd Harmonics)

1o/ lioad h<11 11sh<17 17sh<23 | 23sh<35 h>35 TDD
<20 2.0% 1.0 % 0.75 % 0.3% 0.15 % 2.5%
20<50 3.5% 1.75% 1.25 % 05% 0.25% 40%
50<100 50% 225% 20% | 075% 0.35 % 6.0 %
100<1000 6.0% 2.75% " 25% 1.0% " 0.5% 7.6%
>1000 75% 3.5% 3.0% 1.25 % 0.7% | 100%

Table 3. Current Injection Harmonic Distortion Limits:
Connection Point Voltage 120 V to 69000 V

Individual Harmonic Order (Odd Harmonics)

toMioad h<11 11<h<17 17sh<23 23<h<35 h235 TDD
<20 4.0% 2.0% 1.5% 06% 0.3% 8.0 %
20<50 7.0% 35% 2.5 % 1.0% 065% 8.0%
50<100 10.0 % 45% 4.0% 1.5% ~ 07% 12.0%
100<1000 12.0 % 5.5% ~ 50% 2.0% 1.0% 15.0 %
>1000 15.0 % 7.0% 6.0 % 2.5% 14 % 20.0 %

g. Phase Unbalance

Unbalanced phase voltages and currents can affect protective relay coordination
and cause high neutral currents and thermal overloading of transformers. To
maintain the reliability and integrity of the Duke ET System, the Project shall not
operate its system or equipment in such a manner as to cause a Voltage
Unbalance greater than 1% nor a current unbalance greater than 5% at the
Connection Point. Any unbalance condition in excess of the specified limits for a
duration greater than or equal to one minute is not allowed. Phase unbalance is
defined as the percent daviation of one phase from the average of all three
phases.
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2.

Duke ET System Characteristics

All Project equipment connected to the Duke ET System should be designed to operate

within

the system conditions defined In this section. These characteristics are typical to

the Duke ET System during normal and contingency conditions, but may be exceeded for
very short times or If exceptional circumstances prevail.

a. Frequency

The frequency of the Duke ET System shall be nominally 80 Hz and shall be
controlled within the limits of §9.9 Hz - 60.1 Hz unless exceptional circumstances
prevail. System frequency could rise to 61 Hz or fall to 59 Hz under exceptional
clrcumstances.

b. Steady-State Voltage Variations

The transmission system planning guidelines for voltage regulation and range at
the Connection Paint is listed in Table 4,

Table 4. System Voltage Variations at the Connection Point

Absolute Voltage Voltage Regulation
Nominal
Voltage (kV) Minimum Maximum Normal Contingency
44 94 % 109% 8.5% 10%
100 96 % 107% 6% 7%
230 95 % 105% _ * *
500 100 % 110% * *

* On'230kV angd 500kV, maximum allowable contingency drop is 5%.

c. Harmonic Voltage Distortion

The maximum harmonic voitage distortion at the Connecfion Point for each
transmission voltage level is defined in Tabie 5.

Table 5. System Harmonic Voltage Distortion Limits

Nominal Voltage (kV) ~ Maximum Individual Maximum Total Voltage
Harmonic Voltage Distortion (%)
‘Distortion (%)
44 3.0 5.0
100 1.5 2.5
230 1.0 1.6
500 1.0 1.5
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The limits in Table 5 represent the maximum harmonic voltage distortion at a
given connection voltage for a duration less than or equal to one hour on any
single day. The maximum harmonic voltage distortion will not exceed 150% of
the limits for a given connection voltage for a duration greater than five minute on
any two days during a six month period.




Page 51

d. Voltage Unbalance

The maximum Voitage Unbalance on the Duke ET System at the Connection
Point for a duration greater than or equal to one minute will be less than or equal
to 2.0%.

e. Transient Overvoltages

The maximum peak transient overvoltage at the Connection Point will be less
than or equal to 200% of the nominal system peak voltage.

f. Temporary Overvoltages

The maximum temporary overvoltage at the Connection Point will be less than or
equal to 180% of the nominal system voltage. For Effectively Grounded portions
of the Duke ET System, the maximum may be significantly lower than 180%.

Switchgeaf

a. All Voltage Levels

Duke ET's facilities ratings methodology was submitted to SERC in February
1999 for NERC Planning Standards compliance. Circuit breakers, disconnect
switches, and all other current carrying equipment connected to Duke’s
transmission facilities shall be capable of carrying normal and emergency load
currents, as defined in the SERC submittal, without damage. For
Interconnections, the equipment shall not become a limiting factor (bottleneck) in
the ability to transfer power on the Duke ET Systemn.

All circuit breakers and other fault-interrupting devices shall be capable of safely
interrupting fault currents for any fault that they may be required to interrupt.
Application shall be in accordance with ANSI/IEEE C37 Standards. These
requirements apply to the generation site, the Interconnecting substation, the
Connection Peint as well as other locations on the Duke ET System. Minimum
fault-interrupting requirements are supplied by Duke ET as part of the
coordinating study, and are based on the greater of the fault duties at the time of
the connection request or thase projected in long-range plans.

b. Circuit Breaker Operating Times

Table 6 specifies the component operating times typically required of circuit
breakers on the Duke ET System. These times also apply to equipment at the
generation site and the Connection Point. System stability considerations may
requlre very fast opening and reclosing times. The total automatic recloser times
would be the the summation of the breaker interrupt and close fime plus
intentionally added delay to allow for deionization and subsequent extinction of
the fault arc (referred to as the dead timer delay), and the protective relay
requirements. The following table shows Duke's required interrupting time of the
breaker and the dead *timer” delay at system voltages.

Table 6. Circuit Breaker Operating Times




Voltage Class Rated Interrupting Time Dead “Timer" Delay {Cycles)
(Cycles) _
500-Kv 2 30
230-kV 3 22
69-kV —~ 100-kV S 20
Below 69-kV 8 20

c. Other Fault-Interrupting Device Operating Times

Depending on the application, the use of other fault-interrupting devices such as
circuit switchers may be allowed. Trip times of these devices are generally
slower, and current interrupting capabilities are often lower than those of circuit
breakers. Often circuit switchers are utilized to isolate generator step-up
transformers from the transmission breakers. The dead “tlmer” delay on circuit
switchers is typically 15 seconds and consequently, these devices usually are not
reclosed. :

4, Excitation System and Power System Stabilizers

The excitation system shall operate in the automatic-terminal-voltage regulation mode,
For planned operation in manual mode, the plant operators shall obtain the approval of
the Duke SOC in advance. For unplanned, forced operation in manual mode, the plant
operators shall notify the SOC within 1 hour of switching to manual mode. Operation in
the manual mode for extended periods shal' only bé permitted when approved by the
SOC.

All new or replacement voltage regulators are required to have a load campensation
circuit. Based on system conditions, it may hecame necessary to add load compensation
to existing systems. In applications where needed, load compensation is used to control
voltage at a point beyond the generator terminals (line-drop or fransformer-drop
compensator). The compensator is typically set to account for 50% to 80% of the
transformer impedance. Generators whose terminals are tied directly together (cross-
compound, hydro, etc.) require operation in a droop compensation mode to ensure
stability, Droop compensation effectively regulates the voltage at a point behind the
generator terminals (within the generator). In general, no two generators should be set to
regulate the same point on the electric system.”

A Power System Stabilizer (FSS) uses auxiliary stabifizing signais to control the excltation
system to improve power system dynamic performance. For generators that have a PSS,
Duke ET will determine if the PSS needs to be put intoservice and will work with the
generator operator to calculate appropriate settings. Based on system ¢onditions, it may
become necessary to add the PSS prior to the installation of new or replacement
systems. .

The latest IEEE Std, 421.4, Guide for the Preparation of Excilation System Specifications,
should be consulted in designing the excitation system. Additional requirements or a
change in technical specification may be Identified as a result of system studies.

The excitation system is critical to the overall system performance. Therefore, Duke ET
shall have control over and final approval of the seftings for these systems (gains, time
constants, limiters, etc.). Duke ET reserves the right to specify these settings initially or
revise the settings at any time during the life of the generator as warranted by system
conditions. ’
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Projects shall have a maintenance and testing program for excitation systems in
compliance with applicable NERC Operating & Planning Standards and Policies.

5. Governor Speed and Frequency Control

A speed governor system is required on all generators. The governor regulates the
output of the generator as a function of system frequency and desired MW output. This
function is called the governor's 'droop’ characteristic and must be coordinated with the
governors of other generators located within the same contro! area, to assure proper
system response to frequency variations. All speed governor systems must respond to
system frequency changes to help maintain the stability of the power system. The speed
governor system shall have a droop characteristic settable between three and seven
percent and typically set to five percent, Droop equals change in frequency or speed, in
per unit of nominal, divided by change in generator load, in per unit of full load. An
example equation is: 0.05 = {0.1/60)/0.0333; where if a generator has a 5% droop setting,
a system frequency change of 0.1 Hz, will cause the generator load to change by 3.33%
(ignoring deadbands and other non-linearities).

See NERC Operating Policy 1~ Generatlion Control and Performance for additional
information on speed governor operation.

Projects shall have a maintenance and testing program for the governor control systems
in compliance with applicable NERC Operating & Planning Standards and Policies.

6. Voltage Regulation and Reactive Power Requirements

a.  Duke Transmission System Voltages

Duke ET operates its transmission system within the voltage guidelines defined
below. Projects shall have the capability to operate within the full voltage range at
the Connection Point so as not to restrict the operational range of the
transmission system. Explanation of the meaning of the terms Absolute Voltage
Limits, Contingency Voltage Drop, and Voltage Regulation are available in the
Definitions section.

Bulk Transmission System Voltage Guidelines

Nominal Absalute Voltage Limits Maximum Allowable
Voltage (kV) Minimum ~ Maximum Contingency Voitage Drop
230 95% 105% 5%
500 100% 110% 5%
44 & 100 kV Transmission System Voltage Guidelines
‘Nominal Absolute Voltage Limits Voltage Regulation
Voltage (kV) _Minimum Maximum Normal Contingency
100 95% 107% _ 6% 7%
44 94% 109% 8.5% 10%

Page 53




Page 54

b. Voltage Schedules and Operation of the Project

Major generators (as determined by Duke ET) are provided voltage schedules by
the SOC. Voltage schedules are necessary for efficient and reliable electric
power transmission ‘and for adequate service to loads. The voltage schedules
establish operating requirements for generators and may be set for seasons,
holidays, days of the week, and time of day. These schedules may be changed
at any time by the SOC coordinator to meet transmission system requirements.
When requested by the SOC, Project Operators shall provide the date, duration
and reason for a generator not maintaining the established voltage schedule.

Generator step-up (GSU) transformers (unit transformers) must have taps that
cover the entire range of possible transmission system voltages given in the
previous section, with less than or equal to 2.5% difference between adjacent
taps. The GSU tap must be set to allow the generator to produce or absorb
reactive power between 0.95 leading and 0.90 lagging power factor to meet the
valtage schedule. At the same time, the plant electrical system must be designed
so that all modes of unit operation are not restricted by transmission system
operation within the voltage range given in the previous section. in the project
design phase, the Project Sponsor shall demonstrate to Duke ET that the Project
meets these requirements.

Dynamic sources of reactive power, such as synchronous generators, are
necessary to operate a reliable power system. Therefore synchronous
generators are required to participate in voltage reguiation by meeting voltage
schedules. Operating requirements for each Project are determined by facility
studies and/or operating experience with similar projects. Operating
requirements may be refined based on actual Project operating experience or
future system changes.

1) Synchronaus generators and bro]ects with solid-state inverters
are required to produce or absorb reactive powsr up to the temporary
thermal capability of the generator during disturbances.

The voltage regulator is set to maintain constant voltage rather than
constarit power factor. The regulator set paint is coordinated with voltage
schedules in the area. The Project generators are not required to
operate at more than 105% or less than 95% of the nominal voltage
rating of the generators under steady state conditions. However,
seasonal adjustment of the transformer tap settings may be required
when voltage schedules are changed by the SOC coordinator. [tis the
Project Sponsor/Operator’s responsibility to ensure that the voltage
regulator is initially set up correctly to allow the full range of adjustability.
If the midpoint of the range of adjustability (or operating range “window")
is not set correctly the ability of the regulator-to be adjusted may be
significantly reduced in either the raise or lower position,

Projects using induction generators (without solid-state inverters) are
usually not required to participate in voltage regulation, however they
must not adversely affect voltage schedules. The facility studies
determine the reactive power capability necessary to insure that these
voltage schedules are maintained.
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c. ‘Reactive Power and Voltage Regulator Requirements

Each generating facility shall supply at least 0.395 Mvars (0,83 lagging power
factor) of dynamic reactive power for each MWV supplied at the Connection Point.
The facility shall have the capability to supply this reactive power on a continuous
basis at rated MW and the transmission voltage stated below:

100 kV and below 1.00 pu
230 kv 1.00 pu
500 kV 1.05 pu

Each generating facllity shall absorb at least 0.261 Mvars (0.97 leading power
factor) of dynamic reactive power for each MW supplied at the Connection Point.
The facility shall have the capability to absorb this reactive power on a continuous
basis at rated MW and the transmission voitage stated below:

100 kV and below 1.05 pu
230 kV 1.04 pu
500 kV 1.09 pu

1) Synchronous generators and projects with solid state inverters.
Each Project of this type must also have a voltage regulator capable of
maintaining stable voltage at the generator terminal, within 0.5 percent of
any set point, The operating range of the regulator shall be at least plus
or minus five percent of the rated voltage of the generator.

The generator continuous reactive capability between 0.95 leading and
0.80 lagging power factor shall not be restrigted by any main or auxiliary
equipment, e.g. main or. auxiliary fransformer settings, hydrogen cooling
system, stator water copling system, equipment voltage or current
ratings, control, protection and so on. The generator step-up transformer
shall be chosen so as nat to limit the real or reactive power output of the
generator. |EEE Standard. C57.116, /IEEE Guide for Transformers
Directly Connected to Generators, should be consuited when specifying
the step-up transformer turns ratio, impedance, etc.

Projects shall have a program to verify the gross and net reactive power
capability in comptiance with applicable NERC Planning Standards.

2) Projects using induction generators (without solid-state inverters)
shall provide at a minimum, sufficient reactive power capability or the
‘equivalent’ to deliver the Project output at unity power factor at the
Connection Point. 'Equivalent’ reactive power includes adding shunt
capacitors at locations other than at the Connection Point or the
Generation Site or acquiring sufficient reactive power from Duke or
another utility. Duke ET determines the acceptable locations for
‘equivalent’ reactive using facility studies.

Power factor correction capacitors-added to the Project to meet the unity
power factor requirement may need to be switchable {(whila energized).
Depending on the size of the Project and location on the system, these
capacitors may need to be switched to participate in voltage regulation.
The control methods and set points for switching these capacitors will be
coordinated by Duke ET with voltage schedules in the area.




7. Voltage and Freqilency Operation During Disturbances

Power system disturbances initiated by fauits, forced equipment outages, etc., expose
connected generators to oscillations in voltage and frequency. It is important that
generators remain in service while the oscillations are damped and the system returns to
a stable operating point. Therefore each generator must be capabie of continuous
operation at 0.95 to 1.05 pu voitage and 59.5 to 60.5 Hz and limited time operation for
larger deviations. Nearly all generators have inherent capability for off-nominal operation.
Overfunder voltage and over/under frequency relays are normally installed to protect the
generators from extended off-nominal operation. To insure that the Project generator Is
not tripped prematurely, the required time delays for setting these relays are presented in
the Protection Requwements secuon

To aveid large-scale blackouts that can result from the excessive generation loss during a
disturbance, underfrequency load shedding has been implemented throughout the
Eastern Interconnection. When system frequency declines, {oads are automatically
interrupted in discrete steps, with most of the interruptions between 59.3 and 58.6 Hz.
Load shedding attempts to stabilize the system hy balancing the generation and load. itis
imperative that generators remain connected to the system dunng frequency declines,
both to limit the amount of load shedding required and to help the system avoid a
complete coliapse. This need, as well as the restricted ability of some generators to
withstand off-nominal frequency operation, has been taken into account in the relay-
setting delays provided in this document,

To avoid voltage collapse within the Duke ET System, undervoltage load shedding may
be implemented in the future. If required in the future, the Project may be required to add
undervoltage relaying and coordinate undervoltage relay settings with the Duke
undervoltage load shedding program,

For those generators connected to Duke through a tapped transmission line, a ‘local
island’ is created when the breakers at the ends of the transmission iine open. This
leaves the generator and any other loads that also are tapped off this line isolated from
the power system. Delayed fault clearing, overvoltages, ferroresonance, extended
undervoltages, etc. can result from this ‘local island’ condition and are therefore not
allowed to persist on Duke transmission facllities. For protection, special relaying and
settings are used to disconnect the generator(s) in the ‘local island.’ (See also Protection
Requirements section.)

E. Protection Requirements

The protectlon requirements identified in this document are intended to achieve the following
objectives:

Insure safety of the general public, Duke ET personnel, and Project persannel.
Maintain dynamic stability.

Prevent or minimize equipment damage.

Minimize system voltage disturbances.

Minimize adverse operating conditions on the Duke ET System and lo Duke's
customers.

6. Permit the Sponsor {o operate the iject in parallel with the Duke ET System in
a safe and efficient manner.

Qo Hh DN
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To achieve these abjectives, certain protective equipment (relays, circuit breakers, etc.) must be
installed. These devices ensure that faults or other abnormalities initiate prompt and appropriate
disconnection of the Project from the Duke ET System. Prolective equipment requirements
depend on a number of issues. Significant issues that could affect these requirements include:

¢  The configuration of the Project. See Figures 1 and 2 below for examples
»  The Connection Point to the power system,

e The level of existing service and protection to adjacent facilities (including those of
other Duke ET customers and potentially those of other utilities).

In addition, certain modifications and/or additions to the Duke ET System may be required for
Project connection. Each individual connection will require a protection system cansistent with
these technical requirements. Duke ET will have final approval of the protective devices required
by the Project. Duke ET works with Project Sponsors to achieve an installation that meets the
Project Sponsor's and Duke's requirements.

Duke ET cannot assume any responsibility for protection of the Project. Project Sponsors are
solely responsible for protecting their equipment In such a manner that faults, imbalances, or
other disturbances on the Duke ET System do not cause damage to the Project facllities. The
sponsor is also expected to provide proper protective systems to ensure Project Sponsor's
equipment does not adversely impact the Duke transmission system. Sponsor should follow |IEEE
gulde for Utility-Consumer gonnections (IEEE C37.95) and IEEE guide for AC generator
protection (IEEE C37.102-1995).

1. Protection Criteria

The protection system must be designed such that the Project generating equipment or
connection point is automatically isolated for the following situations:

. Internal faults within the Project.
. External faults within the Duke ET System
» Conditions that indicate abnormal operation, including istanding of the Project.

The information below is provided to identify general protection practices as applied to
Duke ET System transmission lines and connections thereto. The protection schemes
necessary to integrate the Project must be consistent with these practices and the
equipment used to Implement them.

a. All voltages

1. A generator may interconnect to an existing transmission line only if the
line protection can be coordinated without compromising reliability,
system stability, or quaiity of service to Duke 's existing customers.

2, " Relays, breakers, etc. are required at the Connection Point or the
Interconnecting Substation to isolate Duke ET equipment from the
Project (or the distribution system containing the Project) during faults or
other system abnormalities.

3. The Project is to be synchronized to the power system. An automatic
synchronizing function must supervise all clasures of the breaker
connecting the generator to the power system.
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Any breaker dedicated for the sole purpose of isolating the
interconnecting power system or generator shall open all three phases.

Breaker automatic reclose supervision will be required at the
Interconnecting Substation and/or electrically ‘adjacent’ stations; e.g., hot
bus/dead line check, synchronization check, etc.

500-kV

Two independent sets of directional line protection schemes with
separate pilot communication for each relay set shall be installed at each
line terminal to trip the line terminal kreakers,

Total fault clearing time with a pilot scheme must not be more than four
cycles, including relay and breaker time.

Relays shall provide back-up directional distance protection for loss of
communication channel.

Line protection may be required to be compatible with Duke ET
equipment.

Breaker failure relay (BFR) protection at the Project Sponsor's faciities is
required. Total time for BFR schemae fault-clearing must not exceed
stability limits as defined for safe operation of the transmission system.

System reliability and stability studies shall determine reclosing
requirements of the transmission lineftap line.

230-kV
Two independent sets of directional line protection shall be installed at
each line terminal to trip the line breakers.

One of the protection schemes shall use pilot communications for fast
clear of all line faults.

Totai fault clearing time with a pilot scheme must not be more than four
cycles, including relay and breaker time.

Pilot scheme must be compatible with existing Duke equipment.
Relays shall provide backup directional distance protection.

Breaker failure relay (BFR) protaction at the Project Sponsar’s facilities is
required. Total time for BFR scheme fault-clearing must not exceed
stabllity limits as defined for safe operation of the transmission system.

System reliability and stability studies shall determine reclosing
requirements of the transmission line/tap line.

44 & 100-kV

Directional distance line protection with back up overcurrents shall be
installed at each line terminal to trip the line terminal breakers.

A pilot communication scheme may be required. A scheme common to
both relay sets is acceptable.

Total fault-clearing times, with or without a pilot scheme, must be
provided for Duke ET review and approval. Breaker operating times,
relay models, and relay settings must be identified specifically.




4, If a pilot scheme is necessary, it must be compatible with existing Duke

equipment.

5. If a pilot scheme is necessary, relays shall provide backup protection for
loss of channel.

6. Breaker failure relay (BFR) protection at the Project Sponsor’s facilities Is

required. Total time for BFR scheme fault-clearing must not exceed
stability limits as defined for safe operation of the transmission system.

7. - System reliability and stability studies shall determine reclosing
requirements of the transmission line/tap line.

2. Implications for Project Connection to an Existing Customer
Service Substation

Many generation projects are proposed for integration into utility power systems through a
transformer that is designed only to serve loads; e.g., connection at voltages normally at
24-kV or below.

Existing facilities may have protection only on the high-voitage side of the transformer;
other installations may use a circuit switcher or breaker with relay control. The device and
associated relays (if any) at these sites are provided to isolate the Duke ET System from
faults within the transformer and act as backup to the customers' (feeder) protective
devices. The existing protection at these installations was applied under the assumption
that there was not a source from the low-voltage side to feed faults in the transmission
system.

Responsible and thorough protective relaying strategies are necessary when generation
is connected into these sites. Some issues to consider are:

. ‘Neutral shift' can be attributed to connection into stations With a primary
(high-voltage) side delta, secondary (low-voltage) side wye-grounded (D-
YG) transfaormer,

. Ferroresonance is also cause of concern, regardless of transformer
connection.
. Equipment damage, relay peﬁoimance. and saturation of measuring

devices are only a few of the Issues.

Primary and/or backup relays used for detection of faults in the power system may be
required at the Project as well as the Connection Point, Usually, changes to existing
protection and reclosing scheres are pot limited to those at the Connection Point.

3. Protection Measures

Under all circumstances, generators Infeed current and/or voltage effects to faults within

the transmission system. The duration of this /nfeed varies with generator size, type, and
excitation. The magnitude of this /nfeed depends on the fault type, system configuration,
and fault location. The discussion below describes how relaylng works and identifies the

conditions under which relay schemes must operate:

. Infeed detection to phase and ground faults
. Islanding
. Synchronizing and reclosing
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. Unique problems related to system configuration

a. Phase fault detection

Normally, phase overcurrent (type 50/51) and neutral overcurrent (type 51TN)
relays are provided to detect abnormally high currents. These non-directional
relays may not be able to sense generator infeed In theé power system.

infeed detection for faults within the power system usually requires directional
current-sensing or directional pawer relays to remove the Project’s contribution to
the fault. Zone-distance relays (type 21) can also serve this need. However,
some generation projects (generally ‘'small-capacity’) may not contribute sufficient
Infeed to power system phase faults to make distance-relay detection feasible. In
these cases, relays at the Project need to provide the necessary detection and
fault isolation.

b. Ground fault detection

Ground fault detection has varying requirements. The most significant
consideration in ability to detect ground faults on the utility power system is the
winding configuration of the transformer connecting the Project to the
transmission system. The scenarios below assume that the Project is connected
to the low-voltage side of this transformer.

1) Transformer grounded wye connection on the
transmission side '

If the transformer is connected in grounded-wye on the primary (high-
voltage) side and deita on the secondary (low-voltage) side (YG-D), then
a ground overcurrent relay (type 51TN) connected in the nesutral of the
wye Is used to provide detection. This relay also protects the integrating
transformer. This arrangement also applies to a grounded- wye primary,
grounded-wye secondary connected (YG-YG) transformer with delta
tertiary. Either of these connections provide what is often referred to as a
‘ground source’ for the wye grounded terminal(s). The measured quantity
in the transformer grounded-wye neutral Is caused by zero-sequence
circulating currents in the deita winding during ground faults.

If the generator/grounded-wye transformer contribdtes over 30% of the
total ground current for a line phase to ground fault, then additional line
protection may be required to safely isolate faults on the transmission
system.

2) Transformer Delta Connection on the
Transmission Side

Under the second common scenario (the most common configuration
used at Duke ET customer service substations), the connecting
transformer is D-YG, For ground faults on the high voltage system,
protective relaying cannot detect zera sequence current at this location
unless a ground source (grounding bank) is connected to the high-
voltage side of the transformer. Protective relay operation at the remote
transmission line terminal(s) will solate the line. However, the generator
Infeed (voltage effect) will continue to energize the transmission line and,
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with one phase grounded, can result in significant overvoltages (neutral
shift). Thus a voltage protection scheme must be applied to this situation
to detect the fault and trip the generator and/or the Project as rapidly as
possible.

A detection method for this situation uses voltage sensing devices on the
primary side of the transformer connected phase-to-ground. The voltage
sensing shall monitor all three phases in an open delta connection or
monitor one phase in an over/under voitage scheme,

Pilot trip from the end(s) of the transmission line is an acceptable
alternative. A grounding bank connected to the high side (defta side) of
the interconnecting power transformer is another acceptable alternative.

c. Islanding

Islanding describes a condition where the power system splits into isolated load
and generation groups, usually when breakers operate for fault clearing or system
stahility remedial action. Generally, the ‘islanded groups’ do not have a stable
load to generation resource balance, However, it is possible that, under unique
situations, generator controls can establish a new equilibrium in an islanded
group.

When Duke ET customer loads are being served over the utility's transmission
system, where generation is also interconnected, implications of islanding must
be addressed to minimize adverse Impacts on these loads. If a generator can be
islanded, then additional prolection is required to prevent this. Based on
protection studies either a transfer trip scheme will be required or additional
relays at the Project will be required to monitor voltage and frequency. The
additional relays are applied as necessary to protect Duke ET customer loads
from damage: over/under voltage (type 59/27), and over/under frequency (type
81). These relays are Intended to trip the generator for the large voltage and
frequency deviations that would tend to occur during a ‘local’ island condition.
However, they are also set so the generator does not trip for the less severe
deviations that could occur during most major disturbances. on the interconnected
power system.

d. Synchronizing and Reclosing

The Project generator(s) shall be synchronized to the power system'. The point of
synchronism depends on the configuration of the Project's connection, All closes
of the breaker synchronizing the Project generator to the power system must be
supervised by an automatic synchronizing function. The breaker used to
synchronize the generator to the power system is usually the dedicated generator
breaker.

e Line Reclosing

If the Project includes a synchranous machine and connects to an existing line,
automatic reclosing schemes at the remote line breakers may include either time
delay or instantaneous reclosing. The reclosing time intervals are based on
system requirements. Typical reclosing times are instantaneous (approximatety
20-30 cycles) and/or voltage supervised reclosing (1.5 seconds). Even if an
existing line is set up for fime delay reclosing Duke ET reserves the nght to




4.

change the reclosing to instanianequs reclosing if the system requirements
change.

If Duke ET's line reckosing is instantaneous and no other customers are on that
line then Duke ET may elect to delay reclosing for the Project’s generators. Duke
ET reserves the right to change the reclosing back to instantaneous if the system
requirements change. The Project Sponsor/Operafor should be notified well in
advance of any changes in the reclosing times to allow the Project
Sponsor/Operator to make any necessary adjustments. If the instantaneous
reclosing still presents a problem then the Project Sponsor/Operator may want to
consider some other options to insure that the system will not reclose back untii
their generators are off line. There are two options the Project Sponsor/Operator
may want to consider:

Option #1. Transfer Trip. The transfer trip signal can be (ransmitted via
a carrier channel or by transmitting over a leased phone line. In addition transfer

reclose can be added at an additional cost. This will help insure that the Project
has received a trip signal before Duke ET closes back. If the signal is not
received then the source breaker will close time delay regardiess of the situation.
The time delay reclose will be voltage supervised.

Option #2. Voltage Supervision On Instantaneoys Reclosing. A
potential device along with an undervoltage relay can be installed to help insure
that Duke ET will only reclose if the relay senses a dead line. . The voltage
sensing devices can be installed on one phase, two phases or even all three
phases depending on what the Project Sponsor/Operator desires.

f. Disturbance Monitoring

Unique and unanticipated protection problems can resuit from the changed
system configyration due to connection with the Project. Duke ET may, at its
discretion, install monitoring equipment 1o identify possible protection scheme
problems and to provide power quality measurements of the new configuration. If
relay performance indicates inadequate protection of the Duke ET System, the
owner of the Project will be notified of additional protection requirements. The
monitor provides information similar to that of an osclliograph or fault recorder.
The availability of current and voltage measuremenis determines the number' of
channels for the device. Monitoring equipment is aiso installed to aid in the
understanding of the electrical phenomena, such as overvoltages and
ferroresonance, that can be associated with these projects. (Duke ET plans to
use the information acquired to update future editions of this dogument.) Remote
access to monitored quantities is often accomplished using communication
equipment.

Protective System Coordination

A relay coordination study will need to be performed to insure proper operation of the
generator and/or transmission line protection equipment. The Rroject Sponsor shall
provide all requested protective relay drawings. protection settings, setpoint calculation
studies, and associated equipment data for protective relays that will detect faults on the
Duke ET System for a coordination study and design review. Any Project settings that will
not coordinate or will adversely affect the proper operation of the transmission system will
need to be adjusted.
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Adequate protection scheme redundancy should be considered to ensure local isolation
of faults. In addition, protection scheme modifications should be considered to remove
any single points of protection scheme failure identified that could require remote station
devices to isolate local! faults.

5. Protective System Maintenance

The Project Operator will perform Project equipment maintenance on a regular schedule.
This is to Include the following:

. Functional testing of trip circuit

. - Functional testing of interrupter

. Calibration testing of protective devices settings
. Inspection and maintenance of power dc sources
. Inspection and maintenance of interrupter

6. Protective System Fault Analysis

All operations of protective devices within the Project should be reviewed and
documented. This information should be available to Duke ET on request to assist in
analyzing fault operation on the Duke ET System. To facilitate the analysis of system
disturbances and the evaluation of system operation, fault recorders may be required on
certain types of complex substations and at all major generating stations connected to the
Duke ET System. Fault recording functions in microprocessor relays may provide the
detail data needed to perform the analysis.

7. System Modifications Beyond the Connection Paint
System modifications to the Project mus! be reviewed by Duke ET before changes are
made. Thase changes are defined as changes in interrupters, lines, transformers,

protective devices and protective settings. This review is needed to insure proper
operation of the power systems and coordination of protective devices,
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G.

System Dispatching, Operation & Control, Power Scheduling, and
Reserves

1. General

All Project Operators are required to contact the Duke SOC priar to starting generation
and connecting the generation to the transmission system. In addition, metering that is
telemetered to the Duke SOC is required for all Projects.

2. Scheduling

Projects may be required to submit energy schedules to the Duke SOC prior to the hour
of operation. This requirement is dependent on the size of the generation output, the
service that the Project is supplying and the location of the Project’s delivery. If the
Project is delivering its output outside the Duke Control Area, an hourly schedule must be
submitted. All schedules must be sybmitted in accordance with Duke Power's scheduling
standard. In addition, for deliveries outside of the Duke Control Area, transmission
reservations and access must be acquired through the Duke OASIS in accordance with
the Duke's Open Access Transmission Tariff,

3. Load Following

If Duke has entered into a contract for the Project to provide Load Following service, then
an agreement between the parties will be developed that specifies the terms and
conditions of that service. At a minimum, telemetry will be required from the Project to the
Duke SOC.

4 Regulation

In order for a Project to provide regulation service to Duke, the Project must be under the
Duke System Operating Center's Automatic Generation Control (AGC). Puising capability
of the unit must be provided to the SOC, and the Project must be operating under the
terms and conditions of the contract that will be established for the Project to provide
Regulation Service. .

5. Reserves

If Duke has entered into a contract for the Project to provide operating reserves to the
Duke Control Area, then an agreement between the parties will be developed that
specifies the terms and conditions of that service, At a minlmum, the capaclty of the
Profect must be under contract to the Duke SOC for its use as specified in the agreement.

Metering and Telecommunication Requirements

All Projects that are connected to the Duke ET System will require revehue-accuracy-metering
equipment (i.e. metering enclosure with meter and associated equipment, instrument
transformers, and certaln interface enclosures with associated isolation devices), . This section
states the minimum requirements for metering and telecommunication associated with a
generatlon connection or /nterconnection to the Duke ET System,
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1. Supervisory Control and Data Acquisition (SCADA)

Requirements will be determined on a case-by-case basis depending on the location of
the generating facility, the number and size of the units, and the extent to which the SOC
will control the generators.

Normally, all generators Jarger than 10 MVA or sites with greater than 50 MVA aggregate
capacity must be equipped with SCADA to ensure that the SOC has the information
necessary for monitoring response to SOC operating instructions and for maintaining
system reliability.

The following data may be requi_red:

. Generator breaker(s) status (if not installed, then the status of the generator
isolation device(s) shall be provided Instead

. Generator step-up transformer high voitage breaker status

. Status of any other high voltage breaker at the site

. Status of the Connection Point isolation device(s)

. Generator MW and MVAR output

. Voltage of the bus controlled by the generator(s) (may be its own low voltage bus
or the bus at the high voltage terminals of the step-up transformer

. Generators provldln'g Automatic Generation Control (AGC) service will require

additional SCADA capability

2, Metering

Metering equipment should be installed, if pos§ible, at the Connection Paint. If not
installed at the Connection Point, then power transformer and/or line losses will need to
be considered.

a. Metering Equipment Requirements

A solid state meter shall be used to measure the real and reactive power
interchange between the Duke ET System and the Project. Three-element, three-
phase, four-wire meters shall be utilized on wye connected power systems. Two-
element, three-phase, three-wire meters shall be utilized on deita connected
power systems.

A bi-directional watt/var-hour meter should be utilized to.measure the power flow
in and out of the Duke ET Sysfem.

For metering equipment located in the Project substation, the installation of a
metering bypass Is suggested, but not required. For the replacement of failed or
malfunctioning equipment a metering bypass is necessary to maintain power flow
to the Project, If a metering bypass is not installed, an outage will be required to
replace the falled or malfunctioning equipment.

The metering devices must be fully compatible (approved meter type and
communication media) with Duke ET System's remote metering and data
acquisition system.
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b.

«Meter Accuracy

Meters shall be calibrated ta 0.5% accuracy at unity power factor for both full load
and light load. These meters shall be calibrated to 1.0% accuracy for 0.5 power
factor at full load. Metering accuracy limits are stated in the following table.

] METER ACCURACY LIMITS
Watt-hour Function Var-h
"Full Load Power Factor Light Load Power Factor
+/- 0.5 +/- 1.0 +/- 0,6 +/-1.0
Notes:

*  Watt-hour and var-hour functions should be tested in both directions of energy flow
{In and Out). ,
* When compensating for transformer or line loss, utilize stated limits above or 5% of
desired compensation, whichever is greater.
* The meter shall be tested with compensation applied to obtain a true test of the

installation.
Test Points Volits . Amps Power Factor
Full Load 120 5 1.0
Power Factor 120 5 0.5
Lightload 120 0.5 1.0
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C. Instrument Transformers

Voltage and current transformers shall be 0.3% metering accuracy class for both
magnitude and phase angle over the burden range of the installed metering
circuit. Instrument transformer correction factars may be appiled to the meter to
adjust the meter for inaccuracies assoclated with the secondary burdens in the
current transformer and voltage transformer circuits. In bi-directional situations
where there are significant differences in the magnitude of capacity delivered to
the Duke ET System compared to the load supplied by it; good engineering
practices should be in place to accurately meter power flow in both directions. All
instrument transformers shall comply with ANSI/IEEE Standard C57.13.

d. Loss Compensation

If the metering is not located-at the Connection Point, then power transformer
and/or line loss compensation will need to be considered, Duke ET approved
power transformer and/or line loss compensation values should be applied to the
meter to properly compensate for the losses in the power transformer and/or line,

e. Access to Metering Data

If access to the meter is required, proper security measures must be taken to
ensure the Integrity of the meter is not compromised. if data pulses are required
from the revenue meter, then the appropriate interface box with associated
equipment must be installed to properly protect the revenue meter. If an
additional information meter is requested, good engineering practices must pe
adhered to when terminating the connections in the meter circuit to ensure the
integrity of the revenue-accuracy metering circuit Is Intact.




f. Station Service Power

Metering requirements for the Station Service Power, if any, will be determined on
a case-by-case basis.

g. Calibration of Metering Facilities

Metering facilities shall be tested and calibrated if necessary every two years.
More frequent test intervals may be negotiated. All interested parties or their
representatives may witness the calibration tests. Calibration records shall be
made available to all interested parties. The accuracy of the standard utilized for
calibration purposes shall be traceable to the Natlonal Institute of Standards and
Technology, (NIST).

3. Voice Communications

Voice communigation is required between the Duke SOC and the Project Operafor. A
typical phone line at the Project may be sufficient to supply this communication path. In
the event that the Project is supplying additional services (AGC, load following, reserves,
system restoration, etc.} or if the Profect is in excess of a specified generation capacity,
back-up communication with the Project may be necessary and can be specified by Duke
Energy.

Independent voice communications for coordination of system protection, controf, and
maintenance activities between Duke and the Project may be required in addition fo the
voice communications specified above.

4, Data Communications

All generating facllities and transmlsslon facilities are required to have in place, a means
.of transmitting monitoring, accounting, and control data where appropriate to the Duke
Energy control center(s).

a) SCADA requirements consist of either leased phone lines, microwave
channels, or fiber-optics from the site to the SOC or the TCC. Factors involved in
selecting a type of circuitry are availability, proximity to the site, and cost. Fiber is
preferred. These are dedicated channels and are not redundant.

b) Data for AGC calculations and control is transferred to both of the above
centers at a telecommunications rate of 2400 baud.

¢) Accounting data is transferred from the site through an on-site Remote

Terminal Unit (RTU) to the centers in a. above through any one of the above
mentioned data communication circuits.

5. Telecommunications for Revenue-accuracy Metering
A compatible and reliable communication media must be provided and maintained, to

enable Duke ET to interrogate the meter, collect, merge, and store metering and usage
data with Duke ET System's remote metering and data acquisition system.
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6.

o

Telecommunications for Control & Protection

Telecommunication channels may be used for Pllot Relay Protection or Direct Transfer
Trip if perfarmance of the channel and the equipment meets the Control and Protection
requirements of the connection.

Commuriications for Protection must function at the full performance level before, during,
and after any power system fault condition (Service Performance Objective Class A per
IEEE Standard 487).

a. Speed of Operation’

Throughput operating times of the telecommunications system must not add
unnecesgary delay to the clearing or operating times of protection or remedial
action schemes. Maximum permissible clearing times for faults are specified in
Protection Requirements section of this standard. The throughput operating times
of the telecommunications system is only a portion of that fotal clearing time.

b. Equipment Compatibility

In order to provide maintainability and operability between the Project and the
Duke ET System, teleprotection terminal equipment such as transfer trip units
shall be functionally compatible. 'Tone’ equipment must be of the same
manufacturer and type. The need or implementation of perlpheral capabilities
such as signal counters, test switches, etc. are not required to be identical to
those used at Duke ET facilities. Duke ET prefers the use of terminal equipment
that is the current Duke standard for the control application. Duke ET will
consider the use of alternative equipment and/or technologies as proposed by the
Project Sponsor as long as the equipment is suitable for the purposes of the
control application required.

H. Exceptions

The requirements specified in this section, Facility Connections Requirements — Generation and
Interconnection Facilities, apply to all generators. New contracts should be written to comply with
this document. Existing contracts take precedence over these requirements. Existing non-
compliant generators must submit a pian and schedule for meeting the requirements. Under rare
circumstances the Project Sponsor/Operator may be granted an exemption from meeting one or
more of the requirements.
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Summary of Key Terms
Power Purchase Agreement between

Southern Power Company and North Carolina Municipal Power Agency Number 1

Seller:
Buyer:

Source:

Technology:
Term:

Purchase Amount:

Scheduling:

Early Termination
Events:

(“PPA”)

Southern Power Company

North Carolina Municipal Power Agency Number |

Cleveland County Generating Facility — Cleveland County, NC
Unit expected to be in service by January 1, 2012

Simple Cycle gas-fired Combustion Turbine unit with fuel oil backup

January 1, 2012 through December 31, 2031

The total generating capability of the Unit as determined prior to each Contract Year
(expected to be approximately 180 MW)

The Contract Capacity and associated Energy is scheduled by Buyer on an hour-by-hour
basis up to the Maximum Available Energy (subject to Buyer scheduling a minimum
output based on the Unit’s operational guidelines).

The occurrence of any one or more of the following events may cause the PPA to
terminate earlier than the anticipated expiration of the Term:

1.

Material Permits Issuance Date Not Achieved. Either party may terminate the
PPA if all material permits for the Cleveland County Facility are not received by
October I, 2010. After such date, if Buyer elects to terminate the PPA, then
Seller may reject Buyer’'s notice of termination and the material permits will be
deemed to have been obtained.

Commercial Operation Date Not_Achieved. If commercial operation of the
Facility is delayed beyond the scheduled commencement date, then replacement
power and/or damages may apply. If, after receipt of the material permits, Seller
determines that the commercial operation date is not reasonably likely to occur
by the commercial operation deadline, then Seller may terminate the PPA and
liquidated damages will apply. If commercial operation of the facility does not
occur by the commercial operation deadline, then either party may terminate the
PPA and liquidated damages will apply.

Event of Default. Once an Event of Default has occurred and is continuing, the
Non-Defaulting Party may elect to terminate the PPA in addition to any other
remedies such Non-Defaulting Party may have.

FERC Action Adversely Alters Amounts Paid to a Party Under PPA. Either
Party may terminate if FERC takes an action that materially adversely affects the
amounts to be paid by either Party under the PPA.




Summary of Key Terms
Contract for the Purchase of Block Capacity and Energy between
Southern Power Company and North Carolina Electric Membership Corporation
(“Block Scheduled PPA”)

Seller: Southern Power Company
Buyer: North Carolina Electric Membership Corporation
Source: Cleveland County Generating Facility — Cleveland County, NC
Unit expected to be in service by January 1, 2012
Technology: Simple Cycle gas-fired Combustion Turbine unit with fuel oil backup
Service Term: January 1, 2012 through December 31, 2036
Purchase Amount; Contract Capacity and associated Energy will vary during the Service Term as follows:

January 1, 2012- December 31, 2016
45 MWs

January 1, 2017 ~ December 31, 2018
90 MWs

January 1, 2019 — December 31, 2036
The total generating capability of the Unit as determined prior to January ! of each
Contract Year (expected to be approximately 180 MW)

Scheduling: The Contract Capacity and associated Energy is scheduled by Buyer on an hour-by-hour
basis in fixed “block” amounts up to the Maximum Available Energy.

Early Termination The occurrence of any one or more of the following events may cause the Block

Events: Scheduled PPA to terminate earlier than the anticipated Service Term:

1. RUS Approval of Block Scheduled PPA Not Received. If Buyer had failed to
receive RUS approval of the Block Scheduled PPA by April 22, 2009, either
Party,would have had the right to terminat¢ the PPA. Such a termination is,
however, no longer possible because RUS approved the Block Scheduled PPA on
March 12, 2009. '

2. Requested Transmission Service Not_Granted. Buyer may terminate if

Transmission Provider (i.c., Duke Energy Carolinas LLC) has not granted the
requested transmission service necessary to deliver the output of the Unit to
Buyer prior to the commencement of service from the Unit.

3. FERC Action Adversely Alters Amounts Paid to a Party Under Block Scheduled
PPA. A Party may terminate if FERC takes an action that adversely affects the
amounts to be paid by either Party under the Block Scheduled PPA.

4. Major Permit Issuance Date Not Achieved. Seller may terminatc Block
Scheduled PPA if all major permits for the Cleveland County Facility are not

received by July 1, 2009. After such date, if Seller-does not receive all major
permits for the facility and, thus, terminates the Block Scheduled PPA,
replacement power and/or damages may apply.



COD Not Achieved. If permits are received but commercial operation of the
facility is delayed beyond the service commencement date, replacement power
and/or damages may apply. If commercial operation of the facility does not
occur by a date certain, either Party may terminate the Block Scheduled PPA,
replacement power and/or damages may apply.

Event of Default. Once an Event of Default has occurred and is continuing, the
Non-Defaulting Party may elect to terminate the Block Scheduled PPA in
addition to any other remedies such Non-Defaulting Party may have.

Force Majeure. Either Party may terminate upon the occurrence of a Force
Majeure Event that renders any Contract Capacity unavailable for more than 24
Months.



Summary of Key Terms

Contract for the Purchase of Dynamically Scheduled Capacity and Energy between
Southern Power Company and North Carolina Electric Membership Corporation

Seller:
Buyer:

Source:

Technology:
Service Term:

Scheduling:

Purchase Amount:

Early Termination
Events:

(“Dynamically Scheduled PPA”)

Southermn Power Company

North Carolina Electric Membership Corporation

Cleveland County Generating Facility — Cleveland County, NC
Unit expected to be in service by January 1, 2012

Simple Cycle gas-fired Combustion Turbine unit with fuel oil backup

January 1, 2012 through December 31, 2036

The Contract Capacity and associated Energy is dynamically scheduled by Buyer via a
real-time load signal that is telemetered to the Southern Company balancing area.

Contract Capacity is 180 MW and associated Energy.

The occurrence of any one or more of the following events may cause the Dynamically
Scheduled PPA to terminate earlier than the anticipated Service Term:

L.

RUS Approval of Dynamically Scheduled PPA Not Received. If Buyer had
failed to receive RUS approval of the Dynamically Scheduled PPA by April 22,
2009, either Party would have had the right to terminate the PPA. Such a
termination is, however, no longer possible because RUS approved the
Dynamically Scheduled PPA on March 12, 2009.

Requested_Transmission Service Not Granted. Buyer may terminate if the
Transmission Provider has not granted requested transmission service necessary
to deliver the dynamically scheduled energy to Buyer prior to the commencement
of service pursuant to the Dynamically Scheduled PPA.

FERC Action Adversely Affects Amounts Paid to a Party Under Dynamically

Scheduled PPA. A Party may terminate if FERC takes an action that adversely
affects the amounts to be paid by either Party under the Dynamically Scheduled
PPA.

Event of Default. Once an Event of Default has occurred and is continuing, the
Non-Defaulting Party may elect to terminate the Dynamically Scheduled PPA in
addition to any other remedies such Non-Defaulting Party may have.

Force Majeure. Either Party may terminate upon_the occurrence of a Force
Majeure Event that renders any Contract Capacity unavailable for more than 24

Months.
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1.0 Introduction

AECOM Environment has prepared this Environmental Report (ER) to document the potential environmental
impacts of Southern Power Company's (Southern Power's) proposed Cleveland County Generating Facility
230-kV Bus Line (Project). Southern Power is proposing the construction of a 230-kV aerial interconnect line,
approximately 1.9 miles from the tie-in with the proposed Cleveland County Generating Facility (CCGF) in
Cleveland County, North Carolina, to an existing Duke Energy substation site located in Cherokee County,
South Carolina. The South Carolina portion of the interconnect line project will consist of a proposed route of
approximately 0.86 mite of overhead interconnect line and the necessary maintained easement from the North
Carolina state line to the Duke Energy substation interconnection.

This ER has been prepared to meet the requirements for environmental documentation required by the South
Carolina Public Service Commission (PSC). The principal purposes in preparing this ER are to:

1) identify and assess potential impacts on the natural and human environment that would result from the
implementation of the proposed action;

2) assess reasonable alternatives to the proposed action that would avoid or minimize adverse effects on
the environment; and

3) identify specific mitigation measures, as necessary, to minimize environmental impacts.

1.1 Purpose and Need of the Project

Additional generation is essential to meet the current and future needs for electricity in the area. Southern
Power has contracted the output of the CCGF via long-term Power Purchase Agreements. This interconnect
line is required to deliver electricity and will also serve the interests of system economy and reliability of the
existing transmission network.

1.2 Proposed Facilities

Southern Power Company (Southern Power), a subsidiary of Southern Company that owns and operates
power generation assets that have been constructed for the wholesale market, is proposing to construct and
operate a wholesale power generating facility to be known as the Cleveland County Generating Facility
(CCGF). The CCGF will be located on a 283-acre site, near the intersection of Interstate 85 and the North
Carolina and South Carolina state border in Cleveland County, North Caralina. The plant will have a total
generating capacity of approximately 1080 MW and will be dual fueled [pipeline-quality natural gas and ultra
low sulfur (0.0015% $S) fuel oil]. CCGF will require construction of a 230-kV interconnect line to transmit the
electrical power from the plant to the transmission grid. For the purposes of this document, the “facility”
consists of the portion of the electrical interconnect line to be constructed within the boundary of the state of
South Carolina. It is proposed that this portion of the interconnect line will require construction of 11 tower
structures, and a permanently maintained 125-foot-wide right-of-way of approximately 0.86 mile in length.
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2.0 ALTERNATIVES TO THE PROPOSED ACTION

Southern Power conducted a line siting study to determine the most practical route for the proposed
interconnect line. A siting study area was delineated that included the geographic area through which practical
routes for a 230-kV interconnect line connecting the proposed power plant to the existing substation located
adjacent to the Duke Energy Mili Creek Combustion Turbine Substation would pass. Data was collected to
characterize the siting study area and to identify any environmental, land use, or cultural resource factors that
should be taken into consideration during the siting study. The three routes, also shown on Figure 1
considered most feasible are detailed below.

Alternative 1: Routing the proposed interconnect line along the North Carolina side of the North Carolina/South
Carolina state line on Southern Power-owned land westward from the proposed power plant, turning
approximately 20 degrees southward and crossing the state line into South Carolina to avoid an historic
cemetery, then turning southward along an existing Duke Energy transmission-line right-of-way near and over
the Vulcan Materials Blacksburg Quarry, and then arriving at the Duke Energy Substation.

Alternative 2: Routing the proposed interconnect line along the North Carolina side of the North Carolina/South
Carolina state line on Southern Power-owned land westward from the proposed power plant, running adjacent
to the historic cemetery, then turning southward crossing into South Carolina along an existing Duke Energy
transmission-line right-of-way through the Vulcan Materials Blacksburg Quarry, and then arriving at the Duke
Energy Substation.

Alternative 3: Routing the proposed interconnect line from the proposed power plant southwest across the
North Carolina/South Carolina state line, then crossing Caveny Road and Elm Road before turning northwest
and arriving at the Duke Energy Substation.

After mapping the data, it was determined that Alternative 1 will be superior to Alternatives 2 and 3 for the
following reasons:

1. Utilizing the Alternative 1 or Alternative 2 configurations maximize the amount of interconnect line located
within Southern Power-owned land, which minimizes impacts to other properties. Within North Carolina, these
Alternate alignments occur entirely on property owned by Southern Power;

2. Utilizing the Alternative 1 or Alternative 2 configurations maximize the use of existing roads and maintained
cleared lands to construct the new interconnect line and minimize the amount of newly impacted land by
running parallel to the existing interconnect line within the Vulcan Quarry;

3. Utilizing the Alternative 1 or Alternative 2 configuration limits the potential impact to private citizen
landowners to one willing family, while Alternative 3 would result in potential impacts to multiple private citizen
landowners. Within North Carolina, Alternatives 1 and 2 occur entirely on property owned by Southern Power;
4. Utilizing Alternative 1 avoids potential impacts to the historic cemetery.

5. Analysis of the data collected and mapped in the siting study, which included biological and cultural
resource surveys, confirms the Alternative 1 route does not affect protected species or cultural resources, and
minimizes impacts to the community and property owners.

For these reasons, Alternative 1 has been identified as the preferred Alternative for the project.
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3.0 Environmental Analyses

The following sections describe information reviewed and analyzed and the methods implemented by AECOM
Environment scientists to evaluate the preferred Alternative interconnect line route. The project area was
evaluated to identify wetlands and waterbodies, determine the probable U.S. Army Corps of Engineers
(USACE) jurisdictional status of these features, and to identify historically sensitive areas.

Prior to conducting and in preparation for the field survey, AECOM Environment ecologists conducted a
desktop review of the following material:

« United States Geological Survey (USGS) 7.5-minute Topographic Quadrangle Maps;
» U.S. Fish and Wildlife Service (USFWS) National Wetlands Inventory (NWI) Maps;

» Proposed interconnect line route;

o USFWS lists of protected species;

e National Historic Register Information Database;

« North Carolina Department of Cultural Resources Inventory Database;

« North Carolina Natural Heritage Program Element Occurrence Database; and

« South Carolina Department of Natural Resources Rare, Threatened, & Endangéred Species Inventory
by County.

3.1 Wetlands

Wetland is the collective term for swamps, bogs, marshes, wet meadows, and similar areas that are often
located between open water and dry land. The USACE claims jurisdiction over all “Waters of the United
States”. Certain activities in these waters are regulated by the USACE under the authorities granted by 33
Code of Federal Regulations (CFR), 40 CFR, Section 10 of the Rivers and Harbors Act of 1899, Section 404
of the Clean Water Act (CWA), and Section 103 of the Marine Protection Research and Sanctuaries Act of
1972 (USACE, 2006).

The USACE and the Environmental Protection Agency (EPA) define a wetland as “an area that is inundated or
saturated by surface or groundwater at a frequency and duration to support, and that under normal
circumstances does support, a prevalence of vegetation typically adapted for life in saturated soil conditions,
commonly known as hydrophytic vegetation.” This definition takes into consideration three distinct
environmental parameters: hydrology, soil, and vegetation. Positive wetland indicators of all three parameters
are normally present in wetlands.

The protocol for the wetland surveys was obtained from the 1987 USACE Wetland Delineation Manual
(Environmental Laboratory, 1987). These methods define characteristic hydrophytic vegetation, hydric soil,
and hydrologic indicators that are normally present in wetlands.

USACE Methodology
According to the 1987 USACE Wetland Delineation Manual, areas must exhibit three distinct characteristics to

be considered wetlands:

e The prevalent vegetation must consist of plants adapted to life in hydric soil conditions. These species,
due to morphological, physiological, and/or reproductive adaptations, can and do persist in anaerobic
soil conditions;
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= Soils in wetlands must be classified as hydric or they must possess characteristics that are associated
with reducing soil conditions; and

» The area must be inundated either permanently or periodically at mean water depths less than 6.6
feet (2 meters) or the soil saturated at the surface at some time during the growing season of the
prevalent vegetation.

Vegetation, soils, and hydrology were assessed during field surveys in order to determine whether the three
criteria were satisfied within each potentiat wetland area.

In addition, the wetlands were further characterized based on primary vegetative stratum (Cowardin et al,
1979). The wetland classifications common in Cleveland County, NC and Cherokee County, SC include the
following:

e Palustrine Emergent Wetlands (PEM): Freshwater wetlands dominated by erect, herbaceous
vegetation (e.g., grasslands or stands of reedy growth) are classified as PEM wetlands. They
generally have less than 20% coverage by shrubs or trees;

e Palustrine Scrub-Shrub Wetlands (PSS): When freshwater wetlands are dominated by woody
vegetation less than 20 feet tall, they are classified as PSS wetlands. They generally have greater
than 60% coverage by shrubs and less than 20% coverage by trees; and

s Palustrine Forested Wetlands (PFO): When freshwater wetlands are dominated (i.e., greater than
50% coverage) by trees 20 feet or taller, they are classified as PFO wetlands. PFO wetlands often
consist of an overstory dominated by deciduous, broad-leaved tree species and an assortment of
herbaceous plants and vines in the subcanopy and ground cover.

3.2 Waterbodies

Waterbadies are typically defined as any area that in a normal year has water flowing or standing above
ground to the extent that evidence of an aordinary high water mark (OHWM) is established. This includes lakes,
rivers, bays, tributaries, and anthropogenic features such as canals and ditches. The USACE defines the
OHWM as “line on the shore coincident with the elevation contour that represents the approximate location of
the line on the shore established by fluctuations of water and indicated by physical characteristics such as
shelving, destruction of terrestrial vegetation, presence of litter or debris, or changes in the character of sail”.

The USACE jurisdictional term “Waters of the United States” includes navigable waters and all their tributaries
and other waters where degradation or destruction could affect interstate or foreign commerce. Under this
definition, any surface water connection that has a defined OHWM or is part of a continuum of wetlands,
whether natural or man-made, is considered a tributary connection. Ditches and canals with weirs, culverts,
or other water control structures including pumping facilities are also considered to have tributary
connection, provided there is some conveyance of water from upstream to downstream. The USACE claims
jurisdiction on ditches or canals that fall under this definition at the OHWM. Exclusions from this rule
generally include upland cut ditches and ditches that do not connect to navigable waters or wetlands.

Waterbodies include linear water features (i.e., streams and ditches) as well as open water features. Open
water features are classified as ponds, lakes, or barrow pits.

3.21 Waterbody Quantitative Assessment

The location and area of waterbodies within the project area were determined during field surveys, in
accordance with generally accepted stream assessment protocols. At each waterbody, the waterbody top-of-
bank width was estimated to provide a general perpendicular measurement. At each waterbody location,
water depth, water width, substrate composition, bank height, bank slope, and water clarity were estimated.
Data were recorded electronically using GPS technology and manually on standardized field datasheets
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(included in Appendix A of this report) field logbooks, and aerial alignment sheet mapping for each waterbody
identified during the field surveys. Photographs of each waterbody identified during the field surveys are
included in Appendix B of this report.

3.2.2 Waterbody Qualitative Assessment

A general waterbody quality assessment was conducted for each waterbody identified within the survey
corridor. Each waterbody was grouped into one of the following three classification groups, based on generally
accepted stream assessment protocols:

+ High Quality: Natural channel (no structures or dikes; no evidence of down-cutting or excessive
lateral cutting); evidence of past channel alteration with significant recovery; any dikes/levies are set
back to provide access to adequate flood plain; natural vegetation extends at least one or two active
channel widths on each side; banks stable and protected by roots that extend to the base-flow
elevation; water clear to tea-colored; no barriers to fish movement (e.g., no seasonal water
withdrawals that prevent movement); many fish cover types available; diverse and stable aquatic
habitat; no disturbance by livestock or man; intolerant macroinvertebrates present;

+ Moderate Quality: Altered channel evidenced by rip rap and/or channelization; dikes/levees restrict
flood plain width; natural vegetation extends 1/3-1/2 of the active channel width on each side; filtering
function of riparian vegetation only moderately compromised; banks moderately unstable (outside
bends actively eroding with few fallen trees); considerable water cloudiness, submerged objects
covered with green film; moderate odor; minor barriers to fish movement; fair aquatic habitat; minimum
disturbance by livestock or man; facultative macroinvertebrates present; and

+ Low Quality: Channel is actively down-cutting or widening; rip rap and channelization excessive;
flood plain restricted by dikes/levees; natural vegetation less than 1/3 of the active channel width on
each side; lack of regeneration; filtering function severely compromised; Banks unstable (inside and
outside bends actively eroding with numerous fallen trees); water very turbid to muddy; obvious
pollutants (algal mats, surface scum, surface sheen); heavy odor; green color to water; severe barriers
to fish movement; little to no aquatic habitat; severe disturbance by livestock or man; tolerant or no
macroinvertebrates present.

Stream types were further classified based on the frequency and duration of water within the stream banks as
defined in the National Hydrographic Dataset (USGS, 2000). The following three stream type classifications
were utilized:

e Perennial: Contains water throughout the year, except for infrequent periods of severe drought;

* Intermittent: Contains water for only part of the year, but more than just after rainstorms and at
snowmelt; and

* Ephemeral: Normally are natural watercourses, including natural watercourses that have been
madified by channelization or manmade drainage ditches, that without the influent of point source
discharges flow only in direct response to precipitation or irrigation return-water discharge in the
immediate vicinity and whose channels are normally above the groundwater table. These streams
may contain a transient population of aquatic life during the portion of the year when there is suitable
habitat for fish survival. Normally, aquatic habitat in these streams is not adequate to support a
reproductive cycle for fish and other aquatic life.

In addition to the above terminology, this repont also includes terminology based on the USACE's new
Jurisdictional Determination (JD) forms and associated instructional guidebook, as follows: Traditional
Navigable Waterway (TNW), Relatively Permanent Waterway (RPW) for intermittent and perennial streams;
and Non-Relatively Permanent Waterway (Non-RPW) for ephemeral streams.
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3.3 General Habitats

Vegetative habitats are classified by the presence of the dominant vegetation species. Defining habitats is
necessary in order to assess the potential presence of wildlife, threatened and endangered species and
communities, and other ecologically sensitive areas. The subject property is located near the western edge of
the Piedmont physiographic province. The main habitat types were observed during the field survey consisted
of planted pine, cleared grass-shrub right of way, and commercial/industrial land (active quarry).

34 Protected Species

AECOM Environment compiled a list of protected species (includes rare, threatened, and endangered species
as well as candidate species and species of special concern) for the entire length of the proposed project
(Cleveland County, NC, and Cherokee County, SC). This list is provided in Section 4.4.

Prior to field studies, aerial photography and mapping was reviewed to assess the habitat types for the study
area. Field surveys consisted of pedestrian surveys conducted within the proposed interconnect line right-of-
way (Figures 2 through 5). General habitats were characterized within the survey area during pedestrian
surveys. These habitats were compared to the preferred habitat for each identified species to determine the
likelihood of these species occurring within the project location.

3.4.1 Federally Listed Protected Species, Candidate Species, and Critical Habitat

Federally listed protected species and critical habitat are protected by the Endangered Species Act [ESA,
Endangered Species Act of 1973, Public Law 93-205 (87 Stat. 884) and subsequent amendments]. The ESA
is administered by two federal agencies, the USFWS and National Oceanic and Atmospheric Administration
(NOAA) Fisheries. NOAA Fisheries oversees marine species, and the USFWS has responsibility over
freshwater fish and all other species.

3.4.2 State Listed Imperiled Specles and Species of Concern

Because the project will occur in North Carolina and South Carolina, agencies from both states were
consulted.

The North Carolina Wildlife Resources Commission publishes a list of Protected Wildlife Species and the North
Carolina Natural Heritage Program, in cooperation with the North Carolina Department of Agriculture,
publishes a list of Protected Plant Species in the state in accordance with the ESA. The State of North
Carolina requires a permit to remove or take protected plant species.

The South Carolina Department of Natural Resources maintains an inventory of the Rare, Threatened, and
Endangered Species in the state in accordance with the Nongame and Endangered Species Conservation Act
(S8.C. Code 50-15-10 to 50-15-90).

A list of protected species was obtained from the North Carolina Natural Heritage Program and the South
Carolina Department of Natural Resources.

35 Archaeological Resources

Archaeological resources are defined as any material remains of past human life or activities which are at least
50 years old and which are of archaeological interest, including pieces of pottery, basketry, bottles, weapons,
weapon projectiles, tools, structures or portions of structures, rock paintings, rock carvings, intaglios, graves or
human skeletal materials.

A review of National Historic Register databases was performed to evaluate the presence of documented
historic sites near the project. No sites were identified in South Carolina and the entire route within South
Carolina has been determined to have been previously impacted by development or tree-farming activities.
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3.6 Socioeconomics

Population demographic information from the United States Census Bureau Fact Finder
(http://factfinder.census.qov) was analyzed to compare the socioeconomic similarities and differences between
the areas impacted by the proposed routing alternates.

3.7 Land Use, Recreation, and Visual Resources

No changes to land use will occur except for conversion of a small area of planted pine forest to permanent
cleared easement. The project will result in no impacts to recreational facilities, parks, or scenic areas. Visual
resources will not be significantly impacted due to routing the Preferred Ailternative along existing electric
transmission line corridor and an active rock quarry.
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4.0 Results

The following sections summarize the results of the surveys conducted by AECOM Environment scientists for
the Preferred Alternative interconnect line corridor. Results include information regarding wetlands and
waterbodies identified within the areas surveyed. In addition results from an extensive survey of a neighboring
archeologically significant area are included. Figures 2 through 6 depict the locations of each of the identified
features.

4.1 Wetlands

Two wetlands were identified within the South Carolina portion of the route during the field surveys. Because
the proposed line will span the wetlands, these wetlands will not be impacted during construction of the
interconnect line nor during maintenance of the right-of-way.

Table 2 and the paragraphs below provide a summary of the characteristics of the identified wetlands.
W1ACHOO01 is depicted on Figure 4 and W1ACHO002 is on Figure 5. Wetland field datasheets are included in
Appendix A and photographs are provided in Appendix B.

Table 1
Wetland Characteristics
Cherokee County, South Carolina
Feature ID NWI Classification * Size (acres)
W1ACHOO PEM 0.27
W1ACH002 PSS 0.64

(@) NWI Classification: PSS =Palustrine Scrub Shrub Wetland, PEM = Palustrine Emergent Wetland,
PFO =Palustrine Forested Wetland

WIAGHIDYT — W1IACHOOY is a small (0.27 acre within the 125-foot-wide survey corridor), moderate-quality,
PEM wetland. It crosses the existing transmission line right-of-way. Dominant vegetation consists of soft rush
{(Juncus effuses), bushy bluestem {Andropogon glomeratus), and cattail (Typha latifolia).

WIAGHDO2 — Wi ACHO002 is a small {0.64 acre within the 125-foot-wide survey corridor), moderate-quality,
PSS wetland. Water enters this wetland from a Gulwert under a dirt road at the northeastern corner; however,
there is not a defined channel within the wetland. Some beaver activity was noted during the survey. The
dominant vegetation within the shrub layer is black willow (Salix nigra); and soft rush, bushy bluestem
(Andropogon glomeratus), and cattail are dominant in the herb layer.

42 Waterbodies

Table 3 is a summary of the waterbodies in South Carolina identified during the field surveys along the
interconnect line route. Figures 2 through 5 show the location of each identified waterbody along the entire
route (North Carolina and South Carolina portions), field datasheets are included in Appendix A, and
photographs are provided in Appendix B.

Only one waterbody feature, an ephemeral roadside ditch, was identified along the proposed interconnect line
corridor on the South Carolina portion of the project.

J:\Southern Power - Cleveland TL\Final ER Reports\SC 41
Sectim- Cleveland Co ER-04-14-09.doc



Table 2

Waterbody Characteristics
Cherokee County, South Carolina "

Feature | whdth m’ﬁ Water substrate | | | Naturay

D Description | (fe. et) (fe.et) (l::&t)r: b ?IasslﬂggfloQ Quality Artificlal
Interconnect line Corridor

StAcHoo1 ~ R9adelde g4 gg 0,0 G,S.Co (g:,:‘éﬁng Low  Adificial

(a) Bank width, water width, and water depth were determined based on visual estimates during field survey
(b) Substrate: B = Bedrack, C = Clay, Si/C = SilyClay, S = Sand, O = Organic Material, G = Gravel, Co = Cobble
(c) Based on Nationat Hydrographic Dataset (USGS, 2000) }; RPW = Relatively Permanent Waterway

Interconnect line Corridor

S1ACH001 - S1ACHO001 is a high-gradient roadside ditch that appears to flow only in response to rainfali
events. The substrate is sand and gravel with extensive areas of rip-rap. There was no water in the channel
at the time of the survey. It flows from north to south along a gravel road into a stormwater feature at the
bottom of the hill outside of the survey corridor.

4.3 General Habitats

Two main habitat types were observed on the South Carolina portion of the project during the field survey:
planted pine and commercial/industrial land {active quarry).

Planted pine generally consisted of loblolly pine (Pinus taeda) and Virginia pine (Pinus virginiana) in the
overstory without much of an understory or herb layer, although blackberries (Rubus spp.) and running cedar
{Lycopodium digitatum) were identified on the single tract of property owned by a private individual. This
habitat type occurs over approximately 11 percent of the interconnect line survey corridor in South Carolina.

The portion of the proposed interconnect line after it crosses into South Carolina predominantly occurs on
property managed as an active rock quarry. The majority of this area is either maintained grass siopes or
gravel roads. This habitat type occurs over approximately 89 percent of the interconnect survey corridor in
South Carolina.

4.4 Protected Species

No individual occurrences, populations, or evidence of activity of the protected species included in Table 3
were identified during field surveys. There is a slight potential for several species of protected plants to be
present in the vicinity, but evaluation of the subject site suggests that substantial past disturbance has
occurred, which reduces the potential for the protected species to be present.

Transient species, including birds and mammals, are potential users of the site habitat, at least seasonally.
These species utilize a wide range of habitat. From the limited survey that was completed in this study, it is not
possible to rule out the presence of these transitory or migratory species within the interconnect line survey
corridor, but their transient nature makes it unlikely that they would be or remain present during the activity
associated with construction.
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4.5 Man-Made Features

Two man-made features were observed during the field survey of the interconnect line corridor (see locations
on Figures 4 and 5). Both of these features are stormwater collection basins. Neither of these features had
standing water in them at the time of the survey. Field survey datasheets and photographs are included in
Appendix A and B, respectively.

4.6 Cultural Resources

During initial field surveys, the Old Shiloh Presbyterian Church Cemetery was located near the proposed
Project route in Cleveland County, North Caralina, along the South Caralina state line. To further characterize
this important cuttural resource, a more extensive survey of the area was performed. A detailed analysis of
results from the investigation is provided below. Based upon this information, the Alternative Route 1 was
created to avoid impacts to this feature. In addition, Southern Power voluntarily met with the church wards of
the cemetery and is offering to provide a protective fence around the cemetery to help protect the site from
future impacts. Piease refer to Appendix C for additional information.

On September 2, 2008, New South Associates conducted a ground penetrating radar (GPR) survey of a
limited portion of the Old Shiloh Presbyterian Church Cemetery in Cleveland County, North Carolina, and
Cherokee County, South Carolina. The survey had two major goals: first, to investigate the possibility of
unmarked graves along the southern boundary of the cemetery; and second, to investigate an isolated grave
west of the main cemetery (referred to as the Dover grave). The GPR survey covered the equivalent of
approximately 361 square meters in the two areas. The actual area surveyed was larger, because muitiple
transects were extended beyond the established grids.

The Old Shiloh Presbyterian Church Cemetery is a prominent cemetery in the Cleveland County area, with
several important figures buried there. Although a church was known to exist in the immediate vicinity at some
point in the past, its original location is unknown, and there is no evidence of its presence today. The
cemetery itself is located in a wooded area approximately 80 meters south of EIm Road (NC 2278), east of
Grover, North Carolina. There are several mature trees scattered throughout the cemetery, although the
grounds are well maintained with virtually no underbrush. The core area is bounded by a circular road that
appears to have been there for decades. No exact count of graves is known, although it is estimated to be
approximately 100, with an isolated grave located several tens of meters west of the main section, in a wooded
area. Most of the graves in the main section are well marked and appear to be arranged in family plots.
However, the overall condition of many individual markers is poor at best, and it is possible that several
markers may have been displaced over time.

Results indicate the presence of two possible unmarked graves in the southern survey area that is also within
the formal cemetery boundary. There is no evidence of unmarked graves south of the current boundary. GPR
data for the Dover grave is inconclusive, with no obvious anomalies that might be interpreted as graves.
Because of the age of this grave (the marker indicates a death date of 1788), it may no longer be detectable
by GPR. Although the GPR data did not positively indicate a grave, after discussions with church wards,
Southern Power elected to treat this spot as a potentiai grave site and avoid this area. A revised cemetery
boundary was GPS-plotted to facilitate the preservation of the cemetery.

4.7 Socioeconomics

Poputation demographic information from the United States Census Bureau Fact Finder
(http://factfinder.census.qov) was analyzed to compare the socioeconomic similarities and differences between
the areas impacted by the three proposed routing alternates. Population demographics and economic status
is similar between the three areas, with a slight economic advantage generally favoring the Cleveland County,
NC (ZIP 28073) side of the state line. The proposed routing impacts three land owners, other than Southern
Power, within South Carolina. These propetties include a rock quarry, an existing power plant operation, and
one family of willing landowners. None of the impacted properties are residential in nature.
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Table 3

Protected Species Potentially Present Along the

Proposed CCGF 230-kV Bus Line

in Cherokee County, South Carolina and Cleveland County, North Carolina

Common Name | Scientific Name | Federal State Habitat Requirement ° Potential to occur within
Status*® | Status*® the proposed right-of-way
Cleveland
County, North
Carolina
Dwarf-flowered | Hexastylis T Hexastylis nanifiora is found on acidic sandy loam soils along Not likely due to lack of
heartleaf naniflora biuffs and nearby slopes, hillsides and ravines, in boggy areas habitat.
adjacent to creek heads and streams site conversion from
woodlands to pasture. H. naniflora is found on moist to rather
dry north-facing slopes of ravines in the Piedmont, usually in the
oak-hickory-pine community type.
Gray's saxifrage | Saxifraga SC Saxifraga caroliniana is found in rocky woods. S. caroliniana Not likely due to lack of
caroliniana occurs in cool, shaded, rocky woods and rock ledges, rooted in | habitat.
the thin layer of organic matter and moss that forms on the
surface of the rocks. Almost always in steep terrain and often in
areas misted by spray from nearby waterfalls or in areas where
water trickles down the rocky slopes.
Sweet pinesap Monotropsis sC Monotropsis odorata occurs in mixed deciduous woods. Slight potential to occur.
odorata
Torrey's Pycnanthemum SC Pycnathermnum torrei is found in the mountains and in the Not likely due to lack of
Mountain-mint torrei Piedmont, in rich woods, and usually on rock such as gabbro or | habltat.

diabase. Some sites seem to have been maintained in the past
as opened areas, probably by fire and other activities.
{University of Minnesota Herbarium [MiN], Weakley 1994).

J\Southern Power - Claveland TL\Final ER Reports\SC

Section - Cleveland Co ER-04-14-09.doc

April 2009




Table 3

Protected Species Potentially Present Along the
Proposed CCGF 230-kV Bus Line
in Cherokee County, South Carolina and Cleveland County, North Carolina

Common Name | Scientific Name | Federal State Habitat Requirement Potential to occur within
Status*® | Status® the proposed right-of-way
Cherokee
County, South
Carolina
Dwarf-flowered | Hexastylis T T Hexastylis nanifiora is found on acidic sandy ioam soils along Not likely due to lack of
heartleaf naniflora bluffs and nearby slopes, hillsides and ravines, in boggy areas habitat.
adjacent to creek heads and streams site conversion from
woadlands to pasture. H. nanifiora is found on moist to rather
dry north-facing slopes of ravines in the Piedmont, usually in the
oak-hickory-pine community type.
Nodding onion Allium cemuum - SC Allium cernuum occurs in meadows and open woods where it is | Slight potential to occur in
locally common. open areas.
Georgia Aster Aster georgianus - SC Aster georgianus is found in dry open woods, roadsides, and Slight potential to occur.
other openings. Probably a relict species of the post oak
(Quercus stellata)-savanna communities that existed in the
region prior to fire suppression and the eradication of large
native grazing animals (Murdoock 2001).
Rough Sedge Carex scabrata - SC Carex scabrata occurs on seepage slopes and springheads in Not likely due to lack of
rich woods in mountainous regions of the Carolinas. habitat.
Smooth Helianthus - sC Helianthus laevigatus requires high light availability and Not likely — local geology
Sunflower laevigatus generally occurs in open areas with shale, dolomite, limestone, | does not match habitat
or ultra-mafic, igneous substrates (Ludwig pers. comm, 1995). description
In North Caroalina and South Carolina, all occurrences are in
disturbed areas on slate derived soils in woodlands and on road
embankments.
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Table 3

Protected Species Potentially Present Along the
Proposed CCGF 230-kV Bus Line
in Cherokee County, South Carolina and Cleveland County, North Carolina

Common Name

Scientific Name

Federal State Habitat Requirement °
Status*® | Status™®

Potential to occur within
the proposed right-of-way

Ashy Hydrangea - SC Hydrangea cinerea occurs on shady ledges and cliffs. Not likely, habitat does not

Hydrangea cinerea appear to be present along
proposed ROW,

Canada Menispermum - SC Menispermum canadense occurs in low woods. Slight potential to occur.

Moonseed canadense

Eastern Xerophyilum - SC Xerophyllum asphodeloides is found in dry, sandy, oak-hickory | Not likely due to lack of

Turkeybeard asphodeloides woods, usually xeric in mountainous regions. habitat.

Southeastern Myotis - SC These bats generally use buildings and other structures, mines, | Possible transient user of

Myotis Austroripanus and hollow trees (e.g., water tupelo, black gum, water hickory, area, but not likely to use

bald cypress) for spring and summer roosts. The key
characteristics for maternity sites are high humidity and
constant warm temperatures. Foraging habitat is ripanan
floodplain forests or wooded wetlands with permanent open
water nearby (MacGregor 1992, Gardner et al. 1992, Humphrey
and Gore 1992). These bats may forage primarily over lakes,
ponds, or slow-moving streams. Potential habitat includes
standing snags and holiow trees.

area for breeding or
preferred foraging due to
lack of quality habitat.
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Table 3

Protected Species Potentially Present Along the
Proposed CCGF 230-kV Bus Line
in Cherokee County, South Carolina and Cleveland County, North Carolina

Common Name | Scientific Name | Federal State Habitat Requirement ° Potential to occur within
Status®® | Status®® the proposed right-of-way

Notes:

a/ Source: Table created using USFWS list of Federally Listed Species, North Carolina Wildlife Resources Commission Protected Wikliife Species in North Carolina, and South Carolina Department of
Natural Resources Rare, Threatened, & Endangered Species inventory by County.

b/ Legal Status:
T = threatened. A taxon "likely to become endangered within the foreseeabile future throughout alt or a significant portion of its range.”
SC = species of concern. A species under consideration for listing, for which there is insufficient information to support listing at this time.
Species with the status of Federal Threatened are fegally protected under the US Endangered Species Act of 1973,

¢/ Source: Additional details of Habitat Requirements were obtained from NatureServe Explorer (http://www.natureserve.org/explorer/) and the Manual of the Vascular Fiora of the Carolinas. 1968.
A.E Radford, H.E. Ahles, C. R. Bell.
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5.0 Conclusions

Based upon the analyses conducted, Alternative 1 effectively avoids and mitigates environmental and
socioeconomic impacts for the construction and operation and maintenance of the proposed project through
responsible route planning, and utilizing overhead construction methods. Much of the approximate 0.86 mile
length will parallel an existing Duke Energy 230-kV transmission line on steel lattice towers with an existing,
maintained 150-foot wide right-of-way. A portion of the line will be constructed near and over Vulcan'
Material's Blacksburg Quarry, where rock mining operations are and historically have been conducted. The
line and right-of-way are in a remote, unincorporated rural area and cross only three landowners. Placement
of poles and spans between poles have been designed to avoid potential environmental impacts.

Two wetlands were identified during the field surveys. One ephemeral roadside ditch was identified along the
proposed interconnect line corridor. These areas will be spanned by the proposed interconnect line, and no
environmental impacts are anticipated.

Two main habitat types were observed during the field survey: planted pine, and commercial/industrial land
{active quarry). No individual occurrences, populations, or evidence of activity of protected species were
identified during field surveys. Two man-made features were observed during the field survey of the
interconnect line corridor; both are stormwater collection basins.

Cultural resource surveys were conducted September 28, 2008, to identify and assess the possibility of graves
in the vicinity of the proposed Project route. Based on the survey, there were no graves identified outside of
the existing cemetery boundary in the vicinity of the proposed Project route. in addition, Southern Power has
offered to enhance protection for the Old Shiloh Presbyterian Church cemetery by installing a protective fence
around the cemetery.
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AECOM Environment

Appendix A

Datasheets
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Histosol Sulfidic Odor Organic Stfdaking In Sandy Solls Oxidized Rhizospheres Concretions

Histic Epipedon Aquic Molsture Regime Organic Pans in Sandy Solls Usted on Local Hydrc Solls List Gleyed Solt

High Organic Content Other:

Remarks:

YY) n‘c_ C Ol \ S
s T A b 7€ 5000 ML) X , ':rs“?. ¥, {
WP AN D NI A O 1 : VA ; RS )
Hydrophytic Vegetation Present? Yes o D) Is Thl: Sampilng Polnt Within a Waumd? Yes
itland Hydrology Present? Yes m 1s This An isolated Wetland? Yes \‘No/
< iydric Solls Present? - -+ Yes 7?76/1 -le This Wetland Adjacent to or Abutiing an Assoclated Stream? Yes No



ENSR , AECOM

WETLAND DELINEATION DATA FORM (1887 COE METHODOLOGY) ( 6 RAACH €0,
Wetland ID No.:  IaAGt00 (

Jate: {1 % -0OA | ClientProject Name & No.: SQ oA | muepost:

i not abutiing a stream, is there a surtace connection bmtwestl this willand and a stream?  Yes No Waterbody ID No.:

Flow between Weitland and Straam la: | No Flow PaRinnial Intermittent riace Flow? I Yes No
Surface fow between Wetiendand Sitsem ls: Discrots____——|—Ctilined | Discrole & Confined | Overtand Sheetfiow | Not Present

Surface flow between Wetland and Streem Is: M From Wetland to Waterbody T From Walerbody to Wetland | To/From Wetland to Walerbody
Other connection M l Ecological j Separated by berm/barrier? Yes No

BA ggﬁfz; EERE I % PRI
i st a?%’ SR TR ;

wkwns
Wetland Method 2: Conventional Wetlend Constiuction ¥l be usad for crossing wetlands With g3
safiwated, theid I8 a need (0 Slabiize thil ROW dudng consisigifon.
Wetland Method 3: PushfRull Weltand Constuciion will be used in lange ihot hitiob
otmmswpwmwunmwmdammmmmmmmmmmumamm

HIGH QUALITY WETLAND: no indication of strasa or disturbance in watiand or adiB8nt atéa — divdiR@ and matura vegelation typés Waﬂsﬂlkﬁhﬂimdﬂmﬂéﬂdlcdtm
specific community type - provides sultable hiititfat for Wilifife — high quality pbrennial streams are oftéfi observed
MODERATE QUALITY WETLAND: mild {0 modetate dlstisbances have caused siterations in immediately adjacentai®@s - sightly altered natixal vegetation, hydrology andl or soil
“vractelistics — provides sultable habitat for wildiife and vegettiion — associatad psinnial or intérmittent strdams are of rélaively good quailly andiaren? signiicantly distutbed
W QUALITY WETLAND: severe disturbances hanes catibéid significant changes 1o vegelation, solls, or hydimliagyy- hydroperiod altetations, lﬁmmmmmm
wammunity composition has changgd - noticaable 8188 or death of plaii species — 8Gi isubsidence ititty havlk occurred in ahéas with decreased hydropeidod — meactianical 8itariion of plant
spedes or salls - grating from livestock — channeization of siisam couwsms or ditching - littlé suitable habitat for Widiife and vegetalion — associatiid pereswital or intenmiitlent streams
significantly disturbed
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2300 B Resource Drive, Birmingham, AL 35242
7-205.980,0054 F: 205,980, 1500 ENSR | AECOM

WETLAND DELINEATION DATA FORM (1987 COE METHODOLOGY)

-
N
~anterline )Re-Route Access Road Warehouse Site Upland Data Point Other: Wetland ID No.: W \A ool
— Assoclated Stream ID No.: —

vate: ’zlvﬁv{ - (¥ client/Project Name & No.: S[).L&LWXF‘ | Mmitepost:

tnvestigators: J A C/TM | statetcountyMunicipaity: 4 SC /Cheeclel Coy | Quadame: (Croues

LogbookNo.: \ | Logbook Page No.: L& (1] BlockLot/Tract No.: [ Preture o |

Normal Circumstances?  “{ EC | significanty Disturbed: PSSO o | potentias Proviem Areaz IS O

Wetland Quality: High oderal » Low | Wetland T' circle one): PFO E| PSS Other:

1. ha a;h leen w 1LO8L (o]

2. v culgAn S FACWY 5 | 2

3 CaliX. AAB~ < QA IS | a

4 /Y;M\l‘;.m 4‘?&&%‘: [l FACWY 20| 4

5. "W [ EACW 20 s

e. 5 mU $ B | O | 0]

7. f 7.

8. 8.

9. . 9. .

Parcent of Dominant Species that are OBL, FACW, or FAC (excluding FAC-): 100 Hydric Vegetation Criteria Met? (clrcie one) ( Yoa) No
T ~S

N Describe: P No Recorded Data?

Depth of Surtace Water:_ 2o ) Depth to Saturated Soil: (G
Color of Surface Water: CARy (it applicable) Depth sterinPit D an.)
“urface Water Appearance (clicle those that apply): Obvious surface scum heen on surf: Greenish color Qther:

Waetlend Indicators (circie those that apply). Secondary Wetland lndlcl!ou {2 or more required) (circle those that apply):
nwindated Seadiment Deposils annels in Upper 12 FAC-Neutral Test
Sffiuratad in Upper 12 | Water vdeo& %: Other (Explain in Remarks)
Diift Lines Qraimgo Patterns In w@ Local Soll Survey Data

e wedlasd droloaw @resent

SRR

Map Unit

N ame I Drainage Class: ‘ =
(Soton anc Phas”| A AV e $ clm IM Wil gvawmed
Taxonomy (Subgroup): Field Obsarvations Confirm Mapped Type?
Profite Description:
Depth (Inches) Horizon Matrix Colar Mottle Taxture, Concretions, Structure, etc.
. {(Munsell Moist) {Abundance/Contrast) ]

Q-2 2.54 V‘ﬁ-j ' cAa,% (o

2t 59 Yfz  |2s5ye 5/ Aot am

toucgt Aok
Circle those thet Apply: .
Histoso! Sulfidic Odor Organic Streaking in Sandy Solls Oxidized Rhizospheres Concretions
Histic Epipedon Aquic Molsture Reglme Organic Pans in Sandy Salis Listed on Local Hydric Solis List Glayed Soll
High Organic Content omer: | oL ROV
Remarks:
Hydrophytic Vegetation Present? Yes, No is This Ssmpling Point Within s Wetland? -Ye;
1a0d Hydrology Present? (v i This An laclated Wetland? Yos
dric Solis Present? (Tes) No Is This Wetfand Adigcent to or Abytting sn Associated Stream?(Yes )No




ENSR lAECOM

WETLAND DELINEATION DATA FORM (1987 COE METHODOLOGY)
Wetland ID No.: LD |ACHACOD \

oate: 2| ¢ —(OA\__| ClientProject Name & No.: “seomittn e ~ | Mmitepost:

¥ not abutting a stream, Is there a surface connection between this wetiand and a stream? (Yes No Waitsrbody D No. -

Flow between Wetland and Stream [s: | No Fiow Perennial QemittelD> Ephemeral | subsutacopiow? | ves  mo
Surface flow between Wetland and Stream ia: Discrete Confined Discrete & Confined Syprt petfioy

Surface flow between Wetland and Stream ls: [ No Flow | From Wetland to Waterbody I From Waterbody to Wetland

Other tion with Stream? [ None I Ecotogical J Separated by bermvbarrier? Yes m

Z;-%,.ﬁ}'zz ;5!

AU

T
S &&2 g"”t: g

TG SRER

41 ean AT n%g’* M
<malk  Pem w(—H«m AN Povel Row sk

g(lowé ™M ,Cvswo"rxki wWigek - bt ~Hhere is ko
Led T bawnte h»« Gt wetland

BosgrB Aot Waliant Crhsaifa Tonas: T R
. Thisciossing

KX

Wetland Method 1: GOnbeusethlﬂmlsVlm ;
stabiifization techniques.
Wetland Method 2: Conventional Watlaiid Constiuclion will be used for easSing ivitlands with gat
séllirated, therels a nead 10 stalitize the ROW during caniiti@tion.
Wetlend Method 3 BushiPuil Wetiand Construction will be used in laige wet
ounepushlwllamawnllnquu:adammlngwmalntalnadequatsmlevelslorlmhuonaimeplpe

HIGH QUALITY WETLAND: no indication of 8iress or disturbsnce in wetland or adjacent area — diverse and matusd vegetation types — hydrologic and sollintiiGatdts are charatieststic of e
specific community type ~ providas suitable habitat for wildiife — high qualily peiw/niBsliieams are often observed
MODERATE QUALITY WETLAND: mid to moderate disturbances have caused Alterations In immediately adjacent areas - slightly altered Raluial vegetation, hydrology andf or sail
“decindstics — provides suitable hatbitiatifor wildite itd vegetation - associated persnnial or lnfermilient streams are 6f MMWW and arent significitly disturbed
IW QUALITY WETLAND: severe distufbances have causadisignificant changes towagstalion, 8oils, or hydwalbagyy- hydroperiod if presarit; have dinClly aflected planispecies
community composition has changed - noticeable 8tAi88 o death 61 plant speclea — sodl ulbsitience mdy hiive occuited in areis with de@iliged hydropetiod — machanical alteration of plam
specles or sofls ~ grazing from livestock — chanmelizalion of 8tréam courses or titching — little suitable hathitér Ifor wildiife and vegetation (- 465ociated petiiviial or intermilfent streams
_Signlficantly disturbed

Page 2012



2300 B Resource Drive, Birmingham, AL 35242 -
T. 205.980.0054 F: 205 980,1509 ENSR | AECOM

WETLAND DELINEATION DATA FORM (1987 COE METHODOLOGY)

@ Re-Route Access Road Warehouse Site Upland Data Point  Other: Wetland ID No.: WA DO
Assoclated Stream ID No.: —

Date: ré’(% 'w\l CllenyProject Name & No.: Cﬂu‘\’\/\eﬂf\ J Milepost:

investigators: 'ZSAC’/ Y P\ | statefCountyMunicipaiity: Y~ / One~xpte. | auadname: (= vove s i
_Logbook No.. \ l Logbook Page No.: 27 24| BlockiLovTract No.: | PictureaNo.: (2

Nomal Circumstances? 892 €S | significanty Ostubes: IS O tential Problem Arse? [~ O

Wetland Quality: High oderatp Low Wetland T circle one): PFO PEM P8s Other: |

1.l WAryon O Q! Nugha ladvbolles | | 0B [ 5
2 ’{U\A(M.Q Dpllucug 20 CAlnte Y

a ASA mmU 5 14 ! ks

A J 22 ' 4

5. 5

e. e

7. 7

8. 8

Y 0. -

Percent of Domlna;Spedes that are OBL, FACW, of FAC (exduﬂing FAC-): { {‘)() Hydric Vegetation Criteria Met? (circle one) Q:;) No

Rooorded Dala? e Describe: A No Recordad Dala? -

Depth of Surace Water: 2o ) Degth 1o Saturated Solt: @) (i)
Color of Surface Water: CL20C (it appiicabie) Depth to Free Watet in Pit: 2 (n)
Surtace Waler Appearance (circle those thal geply) Obvlous surface scum en on surfay QGreenlgh color QOther: f CoNn A i
Watland indicetors (circle those thgt apply): Socondnty Wettand Indicators (2 or more required) that dpply): )
s Oxlzad Frool Channals In Uppor T2, AC-Neutrel Tod
] Water Marks wme\rsualned Leaves Other (Explain in Remarks)

 Qranage Pattems In Wellarty Local Soli Survey Data
A Goily ¢ 'R’-*‘

nasana sz Mol Al Lawd (XMNLU\ \MUJ\ /lw\e&_
Taxohomy (Subgroup): Fleld Obsbnétions Confirm Mapped Typo?
Profile Description: ) .
Depth {inches) Horizon Matrix Color Mottle Textura, Concrations, Structure, ele.
(MunGell Moist) (AbundanceiContrast)
O 1-6Y gf!z_ A Y, wasy |, S\ e dired root Che
T BT/ WYL Y {

PR Vase AR 'f(‘/(n , %FH-M‘ Clous
Circle those that Apply: -
Histoeol Sullidic Odor . Organiic Streaking in Sandy Solls Oxidized Rhizospheres Concrations
Histic Eplipedon Aquic Molsture Regime Otganic Pans in Sandy Solis Listed on Local Hyddc SoilsList . Qleyed Sl

High Organic Content orer: Lgws Ol e aL

Mmphylc Vogetauon Present? 6 No Is Thls Slmplm Polnl Within a Woumd? No

fetiand Hydrology Presant? ; Ves ) No Is This An lsolated Wetland? Yes No .
o’
__riydric Solls Present? Pad. Y No Is This Wetisnd foor an Associated Stream7” Yes\ No _
- S




ENSR | AECOM

WETLAND DELINEATION DATA FORM (1987 COE METHODOLOGY)
Wetland ID No.: (SIACHOO2

Jate: - ~0OA | clientProject Name & No.. St Ne ¢ ~ | muepost

If not abutting a stream, is there a surface connection between this we| stream? { Yes No Waterbody ID No.:

Flow between Wetland and Stream is: I No Flow Pevennial ) Inlermittent FHow? Yes No
e [y ” N

Surface flow between Wetiand and Stream is: Discrete Confined (rscrote &

gt ey
Surface flow between Wetland and Stresm is: | No Flow | From Wetland to Watetbody | From Waleibody 1o Wetiand | Ferom Woetiark to WalStbody
v
Other connection with Stream? | None I Ecological l Separated by bermvbarrier? Yes

i ng % {g{ 2
PR

l @ ng ‘hQ?«w", A & h" @EM gk &64 é'ﬁ 'pYbQoS((,l ﬁow
| en A § «Qkowx NE Ghge coldvexrd  po BEL~N208
Wi~ Prhnnecl ™M lMJ ['iéh,uéeﬁl 2N

7(?’3"‘? e ﬂ!s/(= s

DestHBhoR o WetAnd CrIsRING EVBes g u’w
Woetland Method 1: c«nbeusodhwollandsmm gofis are i

stabllization techniques.

Wetland Method 2: Conventional Wetiand Construction will be used for crossing wetlands with sa

saturated, thers is a naed to stabilize the ROW during construction.

Wetland Method 3; Push/Pull Wetland Construction will be used in farge watlas i

of the push/puil area Wit not require damming to malntain adequate walor Icvab br ﬂoatatm ol Ihe p!pe

HIGH QUALITY WETLAND: no indicattion &1 slréss or dististiamoe in wetlSnd or Béfiecerit area - diversa and malkire vegetation types — hydrologic 8id soli Indiszators are diitiaxteristic of the
gpecific community Y8 - providea sultable habiitat for wikiile - Ngh quiifity peitinnial Sieame & often observed
MODERATE QUAUTY WETLAND: mild to moderate disiuibalios8 have calSed afterations in immediately adjacent alidés - slighlly titered natural vegetation, hydrology and! or eail

“afacienistics — provides suitable habitat lor wikfitle and vegetation — associated perennial or intermitient BlrealTi$ are of itdtively good quatity and aren't significanily disturbed

)W QUALITY WETLAND: nvemdﬁmmsmmwm“bvmhm soiis, or hydrology ~ hydropariod alterations, if present, have directly affected plant species -

«~ommunity composition has changed — noticesble stiiss or death af plaad species —- mmqnwomnmmmmmmdmm
specios or soils — grazing from lié@stock — channelization of stream courses or ditdhing — Ilme suitable habitiattfor widiife and vegetation - agsocistad perennial or intennittent Etit6ams
significantly disturbed

Y
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7041 Old Wake Forest Road, Suite 103, Raleigh, NC 27616
T: 919.872.6600 F: 919.872.7996

WATERBODY
“aterbody Name: (/(/T '+D p() nd g &’Y M\_,(’L

Waterbody ID No.:

ENSR | AECOM

SIACLOG]

Re-Route  Access Road Warehouse Site  QOther:
Assoclated Wetland No.:

Date: /1,\,,_1 o (y1 Clien¥/Project Name & No.: S oLl ~ Milepost:

i T tate/County/Municipality: :
Investigators 'LT A’C I ‘:ﬂ\/\ State/County, cipality. NG /(\l e Quad Name 61, ON e’
Logbook No.: -\ | Logbook Page No.: &4 | Block/LovTract No.: { Picture No.. =3 -

PHYSICAL ATTRIBUTES
Waterbody Sketch Plan
Please include: Directional & North Arrow, Centerline, Length of feature, Distances from Centerlme Photo Locations, and
Survey corridor
\
|
!
A il
! // £l
A\ o
4 A AR
S .
M - v
= |
<« N
SIS \
|
Angle of Crossing at Centerline:
Watérbody Type Lake | Pond Borrow Pit  River M Ag. Ditch Other:
Stream Flow Fagt—— Moderate { Stow ) Very Slow None
Flow type ( erennial (Flows33  IntermittenVSeasonal mneral (Flows only in  Direction: SSE
months annually) (Flo‘v:;sl 1;)3 months response to rainfall) Number of Annual Flow Events
T TN TN, N
OHWM Indicator CI@! natW (She’lv\lry Wrested vegetation our Water Staining
Bant, matted or missing vegetation @h racier@es Abrupt plant communlity change Wrack lIne Gln{and %
Sinuosity Straight @anderin Subsurface Flow? Yes No Unknown
Stream Depth (in.) 0-3 (3’3) 6-12 12-18 18-24 24-36 26-48 48-60 60+
Stream Width (ft.) Top of Bank (at crossing location): q Water Surface (at crossing location): Q)Lb
Benk Height (ft.) § g
{looking downstream else Lokt 02 24 @ &8
give direstion you are ’ .
facliig here:; ) Right 02 24 @ &8 &+
Sank Siope () Lesft 0-20 20-40 40-60 60-80 @
yoking downstream else
yive direction you are Right 0-20 20-40 40-60 60-80 ®)
faciny hera: )




ENSR | AECOM

Waterbody ID No.: StACLOG)
Jate: 2 .- - 00\ Client/Project Name & No.: SO M " Mitepost.
QUALITATIVE ATTRIBUTES
T~

Water Apbearanco Clear \suymy Tu Turbid Very Turbid Color:

Floating algal mats Obvious surface scum Sheen on suface Greenish color Other:
Stream Substrate % | Bedrock Gravel_{O0 Sand Sit/Clay Organic
Aquatic Habitats Sand Bar (GravorBag Mud Bar - (Gravei FithRe Deep Pools
Undercut Banks Overtiangihg In-stream emergent In-stream submerged @ Fringing Wetlands

rees/shrubs plants plants
PercentCover _______ Percent Cover,
. T

Aquatic Organlsma | Waterfow! Fish (adult) Fish (uvenile) @ Turties
Observed

Snakes Cther:

Invertebrates: w Intolerant | Facultative | Tolerant @
Riparlan Zone Width of natura! vegetation zone from edge of active channel out onto flood plain: _Lgl&:__ (r)

Circle vegstative layerszm @

Q significant bare areas within riparian zone

Q Evidence of non-buffered concentrated flows —
Tributary is Natural) Ariificial (Man-Made) Manipulated (Explain below) ( stavie) /  Unstable
Channet Condition Bﬁannalizatlon/Bramng Unnatural straightening Downcutting l Dikes/Berms g@sws bam
Nsturbarices O  Livestock access to riparian zone Q Manure in stream or on banks

O waste discharge pipes present ¥ other_ o
T/E SPECIES / SUITABLE HABITAT Habitat ID No.:

ome oSl e ch

Comments (e.g. pipeline crossing angla, construction constraints, erosion patential, existing distuitizces, and meanders)

Smadh  Aeeghy MGRA  Qevensriad hrean

STREAM QUALITY (indicate) ™ e — Xwuoderate Low

High Quality: Natural chuntied (no stnictuses or dikes; no evidence of downciltiig or excessive Isteral culiiing); evidcrife of pust chalitiel alterstion with significail l©Gsvay;
#iy dikes/levies ere set back to provide access to adequalte flood plaid; nathifil vegetation extends at Rast one or two active channel widths on each side; basily stable and
pratected by roots that extend to the bake-flow el€vitiion; water clear to tea-colored; no bamiers to fish movement (iaeii water withdrawals prevent mioveibait), many fish
cover types available; diveifSe and stable aquatic habitat; no distuttance by livestoek or man; intolerant mearsinventelaates present.

Moderate Quality: Altered chiiliie] evidenced by rip rap asd/or channelization; dikes/levees restrict flood plain width; fatural vegetaioh extends I/BIIVR of the active
channel width on each side; filtering function of ripaian vegetation only nioderstely compromised; banks moddeatiely unsmble (outside berds actively eroding with few fallen
trens); considershie water cloudiness, submerged objects coiered with green film; moderate odor; minor barriers to fish moveramt; 4-3 fish cover types available; fair aquatic
habitat; mininwm ditturibance by livestock or man; PaculktatiVe macroinvestibniics present.

Low Quality: Chanaei is #Clively downcutting or wideling; rip rap and chanmeiuation excessive; flood plain restricted by dikes/levees; natural vegetation less than 1/3 of the
clive channel width on each side; lack of regeneration; filieding fuli¢Gtasswsely compronmised: Basks UiiSiable (imiide s outside bends sctively eroding with oumerous
.allen trees); water very turbid to muddy; obvious politiin (sfigal mats, surface scum, surface sheen); heavy odor; green color to water; severe barriess to fish iiovetieiit, 2-0
fish cover types available; little to no aquatic habitat; severe disturbance By livestock or iiili; tolerant or no maasivarttboatel (rEsenl.

Phbe 2nf2



7041 Oid Wake Forest Road, Suite 103, Raleigh, NC 27616

T 919.872.6600 F: 919.872.7996 ENSR ( AECOM
WATERBODY

‘waterbody Name: (AX ‘l'b ?0 V\AUS g\f‘ QM/l/v Waterbody ID No.: <LA’M0 »%

( Centerline) Re-Route  Access Road Warehouse Site  Qther:
Assoclated Wetland No.:

Date: 4, (~1_#| ClientProject Name & No.: S’OVJH\Q/ N Milepost:
Investigators: 5‘ A 3"\/\ State/County/Municipality: ”a / GLW Quad Name: (;’
Logbook No.: | | Logbook Page No.:(,—1| Block/Lot/Tract No.: { | Picture No.: K0 -
PHYSICAL ATTRIBUTES

Waterbody Sketch Plan

Please include: Directional & North Arrow, Centerline, Length of feature, Distances from Centerline, Photo Locations, and
Survey corridor ,\[ >

Ay M

A\
N
. Angle of Crossing at Centerline:
e
Waterhody Type Lake I Pond Borrow Pit River KStreg;) Ag. Ditch Other:
Stream Flow | @@2 Slow Very Siow None
Flow type ‘/Pere{lnlal (Flows™>3 Intermittent/Seasonal Ephemeral (Flows only in  Direction:
h Il F h
onths annually) (a nml;)s months response to rainfati) Number of Annual Flow Events
OHWM indicator Cidag natural fifie on b: Shelving | \hgchd.ve.geh)on Water Staining
Bent, matted or missing vegetation- @character % Abrupt plant community change jV7Vrack line Litter and debris
Sinuosity Sualght @ Subsurtace Flow? Yes No Unknown
Stream Depth (In.) 0-3 3-6 612 2-18 18-24 24-36 36-48 48-60 60+
Stream Width (ft.) Top of Bank (at crossing location): | D' Water Surface (at crossing location): "R O thwd 8 !
Bank Height (ft.) % . ’
{icoking & tream else Left 0-2 Q 4-6 6-8 8+
give direcion you are : " ,
facing here: \ Right 0-2 2-4 46 8-8 8+
Rank Slope (°) Left 020 20-40 40-60 60-80 +
oking downstream else
_ve direction you are Right 0-20 20-40 40-60 60-80 80+
facing here: )




ENSR

Waterbody ID No.:

AECOM
SIACLOGZ

. - h] .
| Date: ) _ | 1 -OA Client/Project Name & No.: SQM%-‘“’JN Milepost:
QUALITATIVE ATTRIBUTES
J—?S:\
Water Appearance | Clear (Stgnty. Turtye Turbkd VeryyTisbid Color:
Floaling algal mats Obvious surface scum Sheen on surface Greenish GOIGF Other:
Stream Substrate % Bidmac_m Gravel_m Saad_d&_l_ SitfiClay Or v
Aquatic Habitets nd B @ Mud Bar @vel ::@ i ‘ ﬁ §
deréut g&y i rha In-stream emergent In-stream Subivanged k root systgms | Fringing Wetlands
. tean rubs plants plants
Perecent Cover : Percent Cover______ .
Aquatic Organisms | Watetiom Fish (adult) @ Frogs Tutles
Observed Snakes Other:
Invertebrates: m ﬂ Eacultative Tolerant JI Nene
RS
Riparian Zone Width of natural vegetation zone from edge channel out onto fleed plain: _‘mi;__ ()
Circle vegelative layers: @
(@ significant bare areas within riparian zone
Evidence of non-buffered concentrated flows
Tributary le Givral) Artificial {(Man-Made) Manipulated (Explain betow) 48 ¢ unstable
Channel Condition Channellzation/Bralding Unnatural straightening DBowneutting ] DikesfBerms Excessive bank erosion
Jiaturbances O uvestock access to riparian zone @ Manure in stream of 6n banks
|I @ waste discharge plpes present H other___ A w0
| TiE SPECIES ! SUITABLE HABITAT Habitat ID No.:
R oWldrveA
Commantd (e.9. pipeiine crossing angle, construction constidiéss, evosion paiential, existing disturbances, and meanders)

b S

wWiodtrate R 2 ed prrennset v pm\eMaLeA—\\«\,\
|

ot Oeas BC  fruddy; B Nomws Row | cenra
Cechien \ag  dalenapie Privet o=

STREAM QUALITY (indicate)

High

aModetate

a ow

High Qualkity: Natural channel (no sinictures or dikes; fi0 evidaice of downcuiting or excessive lstenl cutting); evidence of pist channe! siterstion with significant recovery;
sny dikes/lIzvies sre set back (0 pigvidie access (0 adequate flood plain; natural vegetation extends at least one or two active chainel widths 60 each side; banks stable idd
protected by roots that extend to the bise-flow elisustion; Vilier cleats to tea-eolored; 10 baniiaiS (o fish movenent (seasonal water withdrawals prevent movement); iDaity fish
cover types svailable; diverse and stable aquatic habitat; no dishiibiiice by livestock or man; intaiciidt macreiivesttbintes present.

Moderate Quality: Altered chidliied evidenced by rip rap amd/or channelization; dikesfievees restrict flood plain width; natural vegetation extends 113-122 of the #dive
channe! widih ti each side; filtering function of riparian vegetation only moderately compronised; banks moderaitely Libkikble (Oltkide bends actively eroding with few fallen
trees); considershle watés cloudiness, submerged objesa E@nered with green film; nsodenite odar; minor barriers to fish i@ et 4-3 fish cover types available; fair aquatic
habitat; minimum disturbance by livestock or man; Facuitative tkkdoiwestcinates present. '

Loanaﬁty:Channelismivdydmmithgmwﬂhg;ﬂpnpﬁdchamdiuﬁmacsﬁw;ﬂaed.pldnmhhdbydmnm vegctation less than 103 of the

ictive channel width on each side; lack of regenention; filtering fundiion severely compromised; Banks iiiitable (inside and Gitiide bends actiively eroding with numerous
fallen trees); water very turbid 6 muddy; obvious polliutiaris (aligal mats, surfiCe scum, surface sheen); hesvy oddir; green colof to water; severe barviers to fish iHovesient; 2-0
lish cover types svailable; little to no aquatic habitat; severe disturbance by livestock or man; tolerant or no macroinvanebrates present.
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7041 Ol Wake Forest Road, Suite 103, Raleigh, NC 27616
T: 919.872.6600 F: 919.872.7996

waterbody Neme: |\ T <o tonders Pranch

WATERBODY

Waterbody ID No.:

ENSR | AECOM

SIACLOOS

Re-Route  Access Road  Warehouse Site  Other:
Associated Wetland No.:

Date: 'b__ { ’-(_Oo\

Client/Project Name & No.: % Jhe(n

Milepost:

Investigators: A / IJIM

State/County/Municipality: AL C J C)«Ml@l’la

Quad Name: 6Yf 0

Logbook No.:

\__| Lofbook Page No.Z 4 | Block/Lov/Tract No.:

Plcture

No. \\—{7%

PHYSICAL ATTRIBUTES

Waterbody Sketch Plan

Please include: Directional & North Arrow, Centerline, Length of feature, Distances from Centerline, Photo Locations, and

Survey corridor
y ' ()‘( gr
\ )
) \’Ey
£ o
1
C |
i (C‘)
L S S
W AN A
S o
S |
0 i
\ /\)" M(
‘1
\‘\
\
{
( —. Angle of Crossing at Centerline:
Waterbody Type Lake I Pond Borrow Pit River [ Stream ) Ag. Ditch Other:
Stream Flow Fagl —— Moderate Very Slow None
Flow type erennial (Flows 33 Intermittent/Seasonal \Eprﬁne(al (Flows only in  Direction:
onths annually gf‘lgm l;)a months response to ralnfall) Nuinber of Annual Flow Events_. -
/—\
OHWM Indicator éar natural line on Shelving - Wrested vegetation - Scour @R‘:@g
Bent, matted or missing vegetation Soll charac@s Abrupt plant community change :Wrack fine . Litter and debris
) - C.
Sinuoslity Stralght (Me‘aﬂ@g Subsurface Flow? Yes No Unknown
Stream Depth (in.) 0-3 ) ( 36 ) 8-12 12-18 18-24 24-38 36-48 48-60 60+
Stream Width (1) Top of Bank (at crossing location): (! Water Surtace (at crossing location): |.5' A '
Bank Helght (ft.) ] ] (“
(looking downstream- else Left 02 24 ‘f‘ﬁ 68 8+
give disection you are Ri g - - .
Feihg here: Y ght 0-2 2-4 4”5) 6-8 B+
®ank Slope (°) Left 020 20-40 (4080, 80+
ooking downstream seise ;
Jive direction you are Right 0-20 20-40 50 @
|_tacing here: )




ENSR | AECOM
Waterbody ID No.: S UASCLOO >

i

_ ate: %,‘ o Oq Cllent/Project Name & No.: <\ e o N Milepost:
QUALITATIVE ATTRIBUTES '
. . .
Water Appearance Clear : élig\tly. Tu@ Turbid - Vety Turbid | Color:
. : . N \ ," ’. - vv

Floating'algal mats Obvious swBlace scum Sheen on surface -| Qreenish color Other:

Stream Subatrate % Bedrock_____ Gravel __(@_ Sand Sill(day Organie
)
Aquﬂc Habitate Sand Bar Gravel B@ Mud Bar Gravel Ri @ P@
dercut Banks verhangin In-stream emergent In-stream submerged Bank root systems | Fringing Wetlands
trees/shrubs plants ' plants
Percent Cover Percent Cover

Aquatic Organisms Waterfowl Pish (adult) Fish (uvenlie) Frogs Tuties
Observed

Snakes Gither:

Invertebrates: Intolerant || Facultative _ Tolerant m
Riparian Zone Width U natural vegetation zone from edge of active channel out onto fiood plain: __lCIX‘\‘_ (ft)

Circle vegetative layers: ) @

Q) signiticant bare areas within riparian zone

[J Evidence of non-buttered concentrated tiows

P —T0
Tributery ls Naiwmg) Artificial (Man-Made) Manipulated (Explain below) Stable - Unstabie
Channel Condition Channelization/Braiding Unnatural straightening Downcutting || Dikes/Berms e bank erasio”
Isturbances QO iestock access to riparian 2one Q@ Manure in stream or on banks
1
L O} waste discharge pipes present p otner: AOVIE.

TIE SPECIES ! SUITABLE HABITAT Habitat ID No.: -

NoOnL O\O%\)éa

Comments (e.9. pipeline crossing angle, construction consiraints, erosion potential, existing disturbances, and meanders)

5 oA Queaniod Bream parpflels SIACLODA
ond B &r ot distance.  ghavgls 8 tnteond e
0k et BC Row

STREAM QUALITY (indicate) mugh —S O Moderate Q tow

High Quality: Natural channel (no structures or dikes; no evidence of downcutting or excessive iateeal cutting); evidence of past channel alteration with significGitit recovery;

any dikesflevies are set back to provide access to adiagsie flood plain; natural vegetation extends at least one or two active channel widths on each side; banks stshie and

protected by roots that extend to the base-flow elevation; wsler clear to tes-colored; no barriers to fish movement (seasonal water withdrawsls prevent movement); many fish

cover types available; diverse and stable squatic habitat; no disturbance by livesosik or man; intdizaiiit macroinvertebiiites presestt

Mosrrate Quality: Altered channel evidenced by rip tiip and/or channelization; dike3/lkevees restrict|i66d plain width; natural vegetation ektomds 173-1U3 of the sctive

channel width on each side; filtering function of riparian vegelation only moditréiely compromised; banks moderately unstable (outside bends actively eroding with few fellen

trees); considerabie water cloudiness, submerged objects covered with green film; moderate odor; minor barriers to fish movement; 4-3 fish cover types available; fair aguatic

habitat; minimum distusbance by livestock 6r man; Pscuitstive macroinvertebrates presant

3 ow Quality: Ctimmare is actively downcutting or widening; rip fap and channelization excessive; fli6d plain restricted by dikesflevees; natural vegetation less than 111 of the
tive channel width on each side; lack of regenantion; filtering fudction severely compromised; Banka unstsbie (inside and outside bends sctively eroding with numgious

«allen trees); water very turbid to muddy; obvious pollutants (aigal msis, susface scum, surface sheen); heavy odor; green color to water; severe bartiers to fish r@héent; 2-0

| fiab cover types available, little to no aqustie habitat; severe disturbance by livestodic or man; tolecant or no macrolnvertchrates present.
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7041 Oid Wake Forest Road, Suite 103, Raleigh, NC 27616

T: 919.872.6600 F: 919.872.7896 - ENSR | AECOM
WATERBODY
‘aterbody Name: ux Waterbody ID No.: SAZLEROM
Centerline Re-Route  Access Road Warehouse Site  Other:
Assoclated Wetland No.:
Date: % - {4 _ 08 | ClenvProject Name & No.; VY& owels Milepost:

State/County/Muniipality: UC«(@&

Invegtigat@rs W fyra

Quad Name: L.¢ S0¢S

Logbook No.: | | Lbgbook Page No.: [p)-| BlockALotFract No.;

Picture No.:

G

PHYSICAL ATTRIBUTES

Waterbody Sketch Plan

Please include: Directional & North Arrow, Centerline, Length of feature, Distances from Centerline, Photo Locations, and

Survey corridor @
1 {
»
\
w,..oﬂ
SR o . S \ W i &
' " / g
ﬁ;-------
/
o 'I'i
|
e W
\
i
......... Angle of Crossing at Centerline:
Waterbody Type Lake || Pond Borrow Pit River @ﬁ_t‘mml ) Ag. Ditch Other:
Stream Rlow Fast—a———__ Moderate <!""'\ Very Slow None
Flow type ‘Parennial (Flows > Intermittent/Seasonal Ememefal (FAGws only in  Directions 5
msan;/-w.\gm';)a months ) response to rainfall) Number of Anflual FW\ .
/‘}‘ PoameSa N :
OHWNIindicator Choagaatural kne on befk (snotring))|  wrested vegetaion | (Soou) aler Staining
Bent, matted or missing vegetation Wes Abrupt plant community change Wrack line Qne: and deE@
Sinuoaity Straight Me:nderin Subsurface Flow? Yes No Unknown
Stream Depth (In.) 03 @ L. 12 | 1218 18-24 | 2436 38-48 48-60 60+
Stream Width (ft.) Top of Bank (at crossing location): ) ®" Water Surfacs (at crossing location): 733! apkteiin &'
Bank Helght (ft.) ] . " '/’ﬁ’
{looking downstream else Left 02 24 46 &8
give direction you are . ] @
facing here: J Right 02. 24 +6 ,.28\ ;
mank Slope ) Left .0:20 20-40 40-60 (6080 80+
oking downstream else )
Jve direction you are Right 020 20-40 40-60 60-80 @
taclgg here: 2




ENSR ' AECOM
Waterbody ID No.: g]A cL ooy

Jate: ’;.»‘ ~ - (Loi Client/Project Name & No.: % ~ Miepost:
QUALITATIVE ATTRIBUTES

B - A -
Water Appearance Clear @hﬂy Tum@ Turbid Very Turbid Color:
. T ~— i :

Floating algal mats Obvious surface scum Sheen on surface Greenish color Other:

Stream Substrate % | Bedrock Gravel_(00) sand_LHO SH/Clay__. Organic
A ) v
Aquatic Hablitate and Bar Gravel Mud Bar ravef Elﬂes ‘éeep Pools )
ercuf Ban Gerhanging Testream emergent In-stream submerged nk root systé\ls | Fringing Wetlands
trees/shrubs plants plants
Percent Cover Percent Cover

Aquattic Organiems Waterfowl Flsh (aduit) Fish (juvenile) - Frogs Turtles
Observed

Snakes Other:

tnvertebrates: Intolarant |€c}a—m I Tolerant | None
Riparian Zone Width of natural vegetation zone from edge of active d\anna“oumto’lﬁ)od plain: _m__ (ft)

Circle vegetative layers: " @

0O significant bare areas within riparian zone

C1__Evidence of non-bulfered concentrated fiows
Tributary Is ({Jatura\ ) Antlficial (Man-Made) Manlputated (Explain below) Stable) /  Unstable

g A

Channel Condition Channelzation/Bralding Unnatural straightening Downcutting ‘ Dikes/Berms xcessiva bank erdsjon
Msturbances O Livestock access to riparlan zone 1.0 Manure in stream or on banks M

() waste discharge pipes present w Other._¥ cRO CXOSST !ﬂ‘ Q&&Qa ~—
T/E SPECIES / SUITABLE HABITAT Habitat ID No.:

WOone  Ohgea o

Comments (e.g. pipeline crossing angle, construction constraints, erown potential, existing disturbances, and meanders)
QLY LT ol ShvQobA | A€€(7 L\) WO Z I VY PRS2 SETVVSTD 2N
widey —ram o Ghuad Fveo~ A~

STREAM QUALITY (indicate) | Qpough = O Moderate @ Low

High Quality; Natural chennel (no sifuiGiures or dikes; no evidence of downicutting or excessive lstetal cutting); evidence of past channel siteration with signifiGitit recovery;

any dikesNevies are set back to provide access to adequai€ flood plain; natiiral Végestion extends at least one or two active channel widiths on esch side; banks stable and

protected by roots that eitisnd to the base-flow elevation; water clesr to tea-colored; no berriers to fish roweinEnt (s€ikonsl wartt widstiawals pRivent iovVement); many fish

cover types svsilable; diverse and sishle aquatic habitat; no distusbance by livestodk or man; intolerant macroiavertebrates present.

Moderate Quality: Altered channel evidenced by rip rap andior chamelization; dikesflevees restrict fiood plain width; natural Viégiéstaion extends 1/3-1/2 of the sctive

chennel width on each side; filtering function of tipatian vegeiation only moderately compromised: banks nwadierstely unstable (outside bends actively eroding with few falllen

trees); considerable witer cloudiness, submerged objects covered with green film; fisoderaie odor; minor barsiers to fish movement; 4-3 figh cover types avsilable; fsir aquatic

habitat; minimum disturbence by livestock or man; Facultative macroinvertebralcs preant.

Low Quality: Chiasmadiis activety dovdiidtintiing or widEliing; rip rap and chenndlization elcessive; flood plain restricted by dikesfievees; nsiural vegetation less than 1/3 of the
‘tive channel width on each side; lack of regeneration; filtering function severely compromised; Banks lit¥tidile (inside and outside bends actively erodiog with numerous

.allen trees); water very turbid to muddy; obvious polhutants (algal mata, surface scum, surface sheen); beavy odor; green color to water; severe barriers to fish movement; 2-0

L@Mﬁwil&@ﬂle to no aquatic habitat; severe disturbance by livestock or man; tolergnt or no macroirtvestébianes PreSEht.
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7041 Oid Wake Forest Road, Suite 103, Raleigh, NC 27616

T: 919.872.6600 F: 919.872.7996 ENSR [ AFCOM
WATERBODY
Waterbody Name: UA Waterbody ID No.: SACLC o
/\
@@ Re-Route  Access Road  Warehouse Site  Other: ‘
Assoclated Wetland No.:
Date: 2\ ~OA Client/Project Name & No.: S‘M@( Milepost:
tigators: ‘ tate, unicipalit :
Investigaf j’p((// T State/County/Municipality: NC Cleaded Gng Quad Name Con
Logbook No.. | | Logbook Page No.: {9-{$,Block/Lot/Tract No.: [ Picture No.. |1 &
PHYSICAL ATTRIBUTES
Waterbody Sketch Plan _
Please include: Directional & North Arrow, Centerline, Length of feature, Distances from Centerline, Photo Locations, and
Survey corridor
& N >
]
Wx 3
{
\V" 1
A\l
r— T g
ey SIA CASLTH
e - ,—“\f‘ ) « ._2 B
— e\ 2
% ! v
)"
/\)/ '\C L d
{ ?'\/\—(
(
___ Angle of Crossing at Centerline:
Waterbody Type Lake | Pond Borrow Pit River ( tr;am) Ag. Ditch Other: P
Siream Flow Fast Moderate Slow Very Slow ( Non-a
Flow type Perennial (Flows >3  Intermittent/Seasonal eral,Flowson in  Direction: ~—
months annually) g;lm |;)3 months esponse to rainfali) Number of Annal Flow Events
OHWM Indicator V\D(\L Clear natural line on bank Shelving l Wrested vogelatlon Scour Water Stainlng
Bent, matted or missing vegetation Soil character chang/es | Abrupt plant community change Wrack line Litter and debrls
Sinuosity Straight o\ ‘ﬁ'(ﬁneande}\? Subsurface Flow? Yes No Unknown
Stresm Depth (In.) @ 3-8 8121 12-18 18-24 24-38 36-48 48-60 60+
Stream Width (ft.) Top of Bank (at crossing location): \«\ Water Surface (at crossing location): O O oM D
Bank Helght (ft.) ~
(looking downstream else Left 0-2 46 68 8+
give direction you are . \ y 3
| Bcing rere: d Right 0-2 (’:D) 46 6-8 8+
Bank Slope () Left 0-20 20-40 40-60 ©8) 80+
'oking downstream eise
_ve diection you are Right 0-20 20-40 40-80 @ 80+
| facing here: )
o’




ENSR l AECOM

t

Waterbody ID No.: 065

Iﬂm: /% A\ \- Do\ Client/Project Name & No.: Q A M’\ Mllepost:
QUALITATIVE ATTRIBUTES

Water Appearance Clear Stightly Turbid Turbid Very Turbld Color:
ot i i
‘Floating algal mats Obvious surface scum Sheen on surface Greenish color Other:
Stream Substrate % Bedrock Gravel ’ Sand Siltl@J_QD Organic.
S
LAquatlc Habitats Sand Bar Grave! Bar Mud Bar Gravel Riffles Deep Pools
Undercut Banks ngi In-stream emergent In-stream submerged Bank root systems | Fringing Wetlands
ress/shrubs plants . plants
Percent Cover Percent Cover
Aquatic Organlams Waterfowl Flish (adult) Fish (juvenile) Frogs Turtles
Observed -
. Snakes Other;
a V\'O Y\'Q’ invertebrates: Intolerant J Facuitative | Toterant l None
Riparian Zone Width of natural vegetation zone from edge of active channel out anto flood plain: _]__Qaic_ ()
Circle vegetative layers: t 3@ @ ‘
a Significant bare areas within rlparian zone V\/\_,\ Y,{ d { i))\l\,( / \’\’b\l
a ‘Evldance of non-butfered concentrated flows N
Tributary is NaturaD Artificial (Man-Made) Manipulated (Explain below) [ Stable) /  Unstable
Channel Condition bﬁa‘ﬁenzatlonlﬂraldlng Unnatural straightening Downculting | Dikes/Berms Excessive bank erosion
listurbances @ Livestock access to riparian zone {3 Manure in stream or on banks
L ] waste discharge pipes present &) Other: nnOowe
T/E SPECIES / SUITABLE HABITAT Habltat 1D No.:
ok) 5dv V%&
Comments (e.g. pipailine crossing angle, construction constraints, eroglon potential, existing disturbances, and meanders)

Syv-o WMWU Chraun el Ws\kg 7S B NP AP
{&% ok gov

STREAM QUALITY (Indicate) J@ high = & Moderato d  Low
High Quality: Natural channel (no structures or diled; no evidence of downcutting or excessive lateral cutting); evidence of past channel akeration with significant recovery;
any dikes/levies are set back to provide access to adequate flood plain; nalimd] vegetation extends at least one or two active channe) widths on each side; banks stable and
protected by roots that eiitend to the base-flow elevation; water clear to tea-tolored; no barriets to fish movement (seasonal water withdrdwals pedveiit movement), many fish
cover types available; diverse and stable aquatic habitat; no distwbance by livestock or man; intolerant macroinvériebrates present.
Maoderate Quality: Altered channel evidenced by rip tap and/or channelization; dikes/levees restrict flood plain width; natural vegetation extends 1/3-112 of the active
channel width on each side; filteriag function of riparian vegetation only moderately compromised; banks moderately \iiitisble (outside bends actively eroding with few fallen
trees); considerable water cloudiness, submerged objects covered with green film; moderate odor; minor basriers to fiSh movement; 4-3 fish cover types available; fair aquatic
habitat; minimum disturiance by livestock or man; Facultative macroinvertebtates present.
~ow Quality: Channel Is actively dowiicutting or widening; rip rap and channelization excessive; ﬂood plain restricted by dikeilevees; natural vegelation less than 1/3 of the
Cliive channel widih on each side; lack of regeneration; filtering firiion severely comprofmilsed; Banks unstable (inside and outside bends actively eroding with numerous
fallen trees); water very turbid to iuiitdly; obvious pollutants (algal mal3, suiiface S€iif, surface sheen); heavy odor; green color to water; severe bamiers to fish movement; 2-0
fish cover types ivailable; little to no aquatic habitat sevare distlirbance by livestock or man! tolerant or no macroinvetetreied

Page 2 nt2



7041 Old Wake Forest Road, Suite 103, Raleigh, NC 27616

T: 919.872.6600 F- 919.872.7996
WATERBODY
-~ -
‘aterbody Name: \[ QQ(LSld Q {! { -_-H 1[:
s@ Re-Route  Access Road Warshouse Site  Other:

Waterbody ID No.:

Associated Wetland No.:

ENSR ’ AECOM

STACHOO )

Milepost:

Date: »3‘_&__ Oo\ Client/Project Name & No.: q) W l t A

Investigators: 373((/ / TRA State/County/Municipality: & Cl o0 MR

Quad Name:

Logbook No.: \ | Ldgbook Page No.: (3-)} Block/Lot/Tract No.: | Picture No.: 15

PHYSICAL ATTRIBUTES

Waterbody Sketch Plan

Please include: Directional & North Arrow, Centerline, Length of feature, Distances from Centerline, Photo Locations, and

Survey corridor
\ v G NY
1
|
vide
oy Ao L;“
A
) wg l
Angle of Crossing at Centerline:
Waterbody Type Leke | Pond Borrow Pit_ River steam {(A@0ECR)  other;
Stream Row Fast Moderate Slow A Very Slow . {None
Flow type Perennial (Flows> 3  Inlermitteni/Seasonal phemeral {m A Direction: DL ~
L]
months annually) (a'::::l;)a months seto Number of Annual Flow Events -
OHWM Indicator Clear natural ine on bank Shalving Wrested vegetation ( S:oy Water Stafning
—— =
Bent, matted or missing vegetation @chatacter ch—a‘@ Abrupt plant community change Wrack line Litter and debris
Sinuosity ( sﬁ@« Meandering Subsurface Flow? Ves No Unknown
Stream Depth (in.) /(ﬁg 3-6 612 | 12-18 18-24 | 2436 36-48 48-60 60+
Mot - T
Stream Witgh (ft.) Top of Bank (at crossing location): (R} Water Surtace ai crossing location): ()  OtHIUM @
Bank Height (ft.) : ] ' ’@ § _
S":,Ok'ng downstrear else .l@ﬂ 0-2 | 2 4»6 §8 8+
e direction you are G@) " X
facog here: 3 Rigfit 0-2 : 4-6 6 8. i 8+ |
nkBliope: (%) tek 0-20 2640 {do.e0 60-80 80+
aking downstream else . E
give direction you are Rigtit 0-20 20-40 %3 60-80 80+
facing hera: ) .




ENSR | AECOM

Waterbody ID No.: STACAYCON
Jate: Q.- ]C‘ - OC'\ Client/Project Name & No.: Wﬂ. W~ Milepost:

QUALITATIVE ATTRIBUTES

Water Apbeamnce Clear Slightty Turbid ’ Turbid Very Turbid Color:

O Floating algal mats Obwious surface scum Sheen on surface Greenish cotor Other:
Stream Substrate % Beadrock Gravel B \QJ Sand,E’Q Slit'Clay. Organic
Aquatic Habltats Sand Bar Gravel Bar Mud Bar \Gfave@ Deep Pools
Undercut Banks Overhanging In-stream emergent In-stream submerged Bank root systems Fringing Wetlands

trees/shrubs plants plants
Percent Cover ________ .Percent Cover
Aquatlc Organisms Waterfowl Fish (adult) Fish (juvenite) Frogs Tutles
Observed Snakes Other:
MM Invertebrates: Intolerant J Facuttative J Tolerant [ None

Riparlan Zone Width of natural vegetation zone from edge of active channel out onto flood plain: O~ -(l‘t)

Circle vegetative layers: trees shrubs herbs
£ significant bare areas within riparian zone

O Evidence of non-buffered congenisated flows

Tributary is Natural Articial (Mawa)e) Manipulated (Explain below) Stable / Unstable
Channel Condition Channelization/Braiding Unnatural straightening Downcutting J Dikes/Berms Excesstve bank erosior
Visturbances O  Livestock access to riparian zone : O Manure in stream or on banks
Q waste discharge pipes present P Other__Y I\‘o Y&P
| _Y/E SPECIES / SUITABLE HABITAT ‘ Habitat 1D No.:

nwonme  plérved

Commefits (e. ime cr angle, construction constraints, erosion potential, existing disturbhances, and meanders)

voadade ATt s viporap b ank

STREAM QUALITY (indicste) la i A Moderate " Q0 Low

High Quality: Nastutil channel (no structures or dikea; no evidence of downcutting or Bx@eeive Isteral cutiing); evidence of past channel 'ieiiition with significant recovery;
sny dikeslleviea are set back to provide sccess to adequale flood plain; natural vegeieticn cxtends at leist ane or two active channel widths oa each side; barks stable and
protected by roats that extend to the base-flow elevation; water clesr to tea-colored; no barrien to fish movement (sessonal water withdrawsls prevent movement); many fish
cover types avsilable; divetSe and stable aquatic habililt, no distinbance by livestock or man; intolersnt macroinveriebrakes present.
Maoderate Quality: Aliered channel evidenced by rip rap aadlor chennelination; dikesikoeea restrict flood plain width; natural vegeistion extends 143-122 of the sctive
chennel width on esch side; filtering function of riparian vegetation only moderstely compromised; banks rcdiantely unstable (outside bends sctively eroding with few fallen
tress), considerable water cloudiness, submerged objects covered with green film; moderate odor;, minor bartien to fish movement; 4-3 fish cover types svailable; fair aquatic
hﬂnta, minimum disturbance by livestock or man; Pcultative macroinvertehratea presant :
,ow Quality: Channel is actively downcutting or wideniag; rip rip sod channelizstion exeessive; flood plmrelncted by dikeS/lisvecs; natural vegetation lexs than 113 of the
Aive channel width on each side;’lack of regeneration; filtering function severely comgaemiad; Banks unsisble (inside and outside bedals sctively eroding with numerous
fallen trers); water very turbid to muddy; obviolis poliuGats (sigal mats, surface scum, surface sheen); heavy odar; green color to water; severe barien to fish movement; 2-0

fish cover types svallable, little to no aquatic habitat; severe disturbance by livestock or man; tolerant or no mecroinvertebrates preseht.
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7041 Old Wake Forest Road, Suite 103, Raleigh, NC 27616
T: 919.872.6600 F: 919.872.7996

Vaterbody Name: Wr 4o ?“V‘A’e"fq %YMC/I"\

WATERBODY

Waterbody ID No.:

ENSR

od

PACC OO

AECOM

Centerline  Re-Route ( Access}oaa) Warehouse Site  Other:
Associated Wetland No.:

Date: 3-(% -OA

Client/Project Name & No.:  Cop iisblig,

Milepost:

Investigators: ‘jA‘C /w

State/CountyMunicipality: NC

Quad Name: é—r oVl

Logbook No.: | | Logbook Page No.:7},, ] Block/LotfTract No.:

" | Picture No.:

g-10

PHYSICAL ATTRIBUTES

Waterbody Sketch Plan '

Please include: Directional & North Arrow, Centerline, Length of feature, Distances from Centerline, Photo l.ocations, and

Survey corridor
N >
r}-/ ‘7‘ IQ <‘
l - . <utLeop
- * mrv -
ﬂ o
43 )
«%o?;y Y pad
__ Angle of Crossing-at Centerline:
Waterbody Type Lake  |Pond  BomowPit  River  (Steam) Ag.Dich  Other
Stream Flow Fast Moderate Slow Very Slow None
Flow type Perennial (Flowss> 3 termittent/Seasona Ephemeral (Flows only In  Direction:
months annually) (Fb:xvasl l;)a monihs response to rainfall) Number &f Annual Flow Events
OHWM Indicator @MMk P@@ Wrested vegetation Scour Water Staining
8ent, matted or missing vegetation m Abrupt plant community change Wrack line Litter and del
Sinuosity Stral Méandering Subsurface Flow? Yes No Unknown
N

Stream Depth (In.) 03 36 |. @) | 1218 1824 | 2498 36.48 4860 60+
Stream Width (ft.) Top of Bank (at crossing loc;t-lgn): Water Surface (at crossing loGation): ’3' %) (\a gl‘
Bank Height (ft.) : I .
(looking downstream else Left 0-2 48 68 8+
give direction you are -
faclng here: ) Right 02 24 s &8. - B

nkSiope (%) Left 0-20 40-80 60-80 80+

«oking downstream else i

’| give direction you are Right 0-20 20-40 40-60 60-80 @

lacing here; )




ENSR } AECOM
Waterbody ID No.: %C/HOO ((J

sate: 'g ,l% ,O&\ Client/Projact Name & No.: Qbuj’t\ PPN Milepost:
QUALITATIVE ATTRIBUTES
o~
Water Appearance Clear lightly Tu@ Turbid Very Turbid Color:
Floaling aigal mats Obvious surface scum Sheen on surface Greenish color Other:
Stream Substrate % Bedrock_____ Gravel__ 4D Sand Sll@_(aQ Organic
v
Aquatic Habitats Sand Bar Gravel Bar Mud Bar Gravel H@ ep POGQ
Undercut Banks /OCerhangl R In-stream emergent In-stream submerged Bank root systems | Fringing Wetlands
{ | trees/shrubs plants plants
Parcent Cover Percent Cover
Aquatic Organisms Waterfowl Fish (adult) - Fish (juvenile) rogs Turtles
Observed
Snakes Other:
Invertebrates: Intolerant I Facullative | Tolerant @
Riparian Zone Width of natural vegetation zone fram edge of active channel out onto fiood plain: m )

Circle vegetative Iayers:@@

Q Significant bare areas within riparian zone

Q Evidence of non-butfered concentrated flows

Tributary is NaluraD Arificial (Man-Made) Maanipulated (Explain below) Stable) / Unstable
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GROUND PENETRATING RADAR {GPR)
SURVEY OF THE OLD SHILOH PRESBYTERIAN CHURCH CEMETERY

ABSTRACT

On September 2, 2008, New South Associates conducted a ground penefrating radar (GPR} survey of a
limited portion of the Old Shiloh Church Cemetery in Cleveland County, North Carolina and Cherokee
County, South Carolina. The survey had two major goals: first, to investigate the possibility of unmarked
graves along the southem boundary of the cemetery; and second, to invesligate an isolated grave west of
the main cemetery.

The GPR survey covered the equivalent of approximately 361 square melers in the two areas. However, the
actual area is larger because multiple fransects were extended beyond the established grids. This area is
difficult to calculate in absolute terms because of the irregularity. Basically, this method allows an operator
to navigate around, and up to, large obstacles that might otherwise prove impossable. Survey along the
southern boundary was accomplished in both the X [east] and Y (north) directions to provide better
accuracy and increased sampling density. Only the Y [north} direction was necessary over the Dover
grave, west of the main cemetery.

Results indicate the presence of two possible unmarked graves in the southern survey area that is also within
the formal cemetery boundary. There is no evidence of any unmarked graves south of the cusrent boundary
{topography adjacent to the road]. GPR data for the Dover grave is inconclusive, with no obvious
anomalies that might be interpreted as graves. However, the death date of 1788 makes this one of the
oldest graves in the cemetery. Age of a burial is one of the critical factors affecting its overall chances of
being successfully detected with GPR. Although the GPR data does not necessarily indicate a grave, it
would be irresponsible to ignore the existing marker. A revised cemetery boundary was GPS-plotted to
facilitate the preservation of the cemetery.
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GROUND PENETRATING RADAR [GPR|
SURVEY OF THE OtD SHIOH PRE SBYTERIAN CHURCH CEMETERY

I. INTRODUCTION

New South Associates conducted a ground penetrating radar (GPR} survey of a limited portion of the Old
Shiloh Church Cemetery in Cleveland County, North Carolina and Cherokee County, South Carolina
[Figures 1-2). Fieldwork was conducted by Shawn Patch, with assistance from Lauren Souther. The survey
had two major goals: first, to investigate the possibility of unmarked graves along the southem boundary of
the cemetery; and second, o investigate an isolated grave west of the main cemetery.

The GPR survey covered the equivalent of approximately 361 square meters in the two areas. However, the
actual area is larger because multiple fransects were extended beyond the established grids. This area is
difficult to cakulate in absolute terms because of the irregularity. Basically, this method allows an operator
to navigate around, and up to, large obstacles that might otherwise prove impassable. Survey along the
southern boundary was accomplished in both the X {east} and Y (north) directions to provide beiter

accurocy and increased sampling density. Only the Y (north} direction was necessary over the Dover’

rave, west of the main cemetery.
i

The Old Shiloh Church Cemetery is a prominent cemetery in the Cleveland County areo, with several
important figures buried there {Figure 3). Although a church was known to exist in the immediate vicinity at
some point in the past, its original location is unknown, and there is no evidence of its presence today.
There is another, more modern, church across the road; however, but it is affilioted with o different
denomination and has its own cemetery.

The cemetery itself is located in a wooded area approximately 80 meters south of Elm Road (NC 2278},
east of Grover, North Carolina. There are several mature frees scattered throughout the cemetery, although
the grounds are well maintained with virtually no underbrush. The core area is bounded by a circular road
that appears to have been there for a long time. Figures 4 and 5 show general surface conditions of the
survey area as viewed from the extreme southern portion of the cemetery, with good views of the boundary
road, grave layout, and vegetation. No exact count of graves is known, although it is estimated fo be
approximately 100, with an isolated grave located several tens of meters west of the main section, in a
wooded area. Most of the graves in the main section are well marked and appear to be arranged in
family plots. However, the overall candition of many individual markers is poor at best, and it is possible
that several markers may have been displaced over time.

1



Figure 1.

Location of Cemetery in Cleveland County, North Carolina

and Cherokee County, South Carolina
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Figure 2.
Detail of Project Area
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Figure 3.
Historic Marker
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Figure 4.
Photographs Showing General Surface Conditions in the Survey Area
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Figure 5.

Dover Grave Marker in Woods on Western Boundary of Cemetery
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SURVEY OF THE QLD SHILOH PRESBYTERIAN CHURCH CEMETERY

II. METHODS

GPR is a remole sensing lechnique frequently used by archaeologists to investigate o wide range of reseorch
questions. The basic configuration consists of an antenna |with both a transmitler and receiver}, a hamess,
ond a wheel for calibrating distance. The operator then pulls the ontenna across the ground surface
syslemotically [a grid) collecting dota olong o transect. This dala is then stored by the receiver and
available for later processing and monipulation.

The premise for using GPR in archaeological applications is simple: it is generally used to find if there are
buried features that might be of interest on a particular site. Because GPR is o remote sensing technique, it is
non-invasive, non-destructive, relatively quick and efficient, and highly accurote when used in appropriate
silvations. One advantage of GPR is its obility o guide more focused, traditional excavations by targeting
ond/or eliminaling cerfain areas.

The acival machine involves transmission of high frequency radar pulses from a surface antenna into the
ground (Conyers 2004:1). Measurements are collected from elopsed time between the pulse transmission
and its reflection from buried materials and/or changes in sediments and soils. Collecting reflection profiles
in a grid allows a user fo construct a three dimensional map of sub-surface fealures. Although the technique
has been around for several decades, it is only within the last few years, with new developments in unit
portability and software, that archaeologists have embraced it on a wider scale.

The survey was conducted with a Geophysical Survey Systems, Inc. (GSSI) SIR 3000 control unit with an
attached 400mhz antenna. The first step was to calibrate the antenna 1o local conditions by walking over
various areas of the project area and adjusting the instrument’s gain seftings (Conyers 2004). Effective
depth penelration was approximately 1.5 meters, which is fairly typical for cloy soils in the Piedmont. There
was some signal attlenuation {degradation)] because of the clay soils and eroded conditions over the road.

Because of the way rador energy is propagated in the ground, it is generally standard practice to collect
data perpendiculor 1o the long oxis of targets (if known). Transect spacing was 50 centimeters, an interval
that is well suited for identifying moderate 1o large sized features. For the cemelery, burials were assumed
1o be oriented east-west, so the initial survey was in the Y direction. To increase the overall resolution and
effectiveness of the survey, data is collected over the same area in the X direction. In each case, the antenna
was pulled from the baseline for each transect. Although this procedure obviously increases the field time, it
generolly provides more accurate results and ensures that any unknown targets have a greater chance of
identification.

In order 1o effectively collect and process GPR data, it is necessary fo eslablish a formal grid. In this case,
grid layoul was accomplished with two mefric tapes and surveyor’s chaining pins. The actual size,
orientation, and loyout of the grid wos determined by surface features and presumed orientation of the
torgets.

Grids 1 and 2 covered the same area in two different directions. h was approximately 8x22 meters {176
square melers). However, because of surface vegetation, the aclual survey area was slightly lorger. Several
individval transects extended beyond the grid limits and continved uniil they were impeded by some
obstacle li.e., fenceline, tree, eic). Grid orientation was 22 degrees, which was approximately
perpendicular 1o the Jong axis of known graves.

7
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Grid 3 was placed over the Dover grave and was 3x3 melers in size {9 square melers]. It was oriented ot
10 degrees, perpendicular fo the marker. The purpose of this grid was to investigate the possibility that the
marker hod been moved fram another spot and that a grave might not be present.

All dota were downloaded from the confrol unit to a laptop computer for post-processing. GSSI has
developed a proprietory program, RADAN, for analyzing and processing dala. The first step was to set
time zero, which tells the sofiware where in the profile the true ground surface was. This is critical fo getting
accurate target depth. The second slep was to apply high and low pass fillers, which essentially remove
background noise above and below the frequencies of 800mhz and 200mhz, respectively. Essentially, this
removes horizontal banding that can result from a variely of sources ond obscure smoller largets. The third
ond final step was to “migrate” the doto, which ollows the user to eliminote some of the distortion inherent
in all reflection profiles and generole o more realistic view of the size, depth, and orientation of specific
targets.

With the data processing complete, it was then possible to exomine the grid in o three dimensional viewer
within RADAN. By doing this, it is possible to rotate the grid, which appears as a block, in any direction; it
can be viewed from above, in perspective, or from the X and Y axes. This is an exploratory technique ond
provides an overview of specific forgets and possible patterning.

The next step involved “slicing” the dota horizontally ot specific depths. For example, o depth valve can be
entered {e.g. 20 cmj and then exported as o CSV file. The result is o depth “slice” of the entire grid of that
point. In this case, the thickness of the slice wos approximately 16 centimeters, a default valve selected by
RADAN. The dota from this grid were sliced ot regular 10-centimeter intervals to produce o systematic map
of the sub-surface. Not all of these were used in the final graphics becouse many were redundant or did not
show specific targets.

Each sliced file was then imponted into SURFER for additional manipulation. This program allows users o
grid data with X, Y, and Z valves. The results can then be disployed in o wide range of mapping formots
including contours, wireframes, and surface plots. All doto were gridded using the Kriging formula and
then image maps were generated from the resulting files. It was then possible to change the color values
and enhance the amplitudes for betler interpretation.

New South Associotes olso mapped the boundories of the cemetery with a Trimble Pro XRS global
positioning system [GPS), with sub-meter accurocy. Numerous points were collecled around the perimeter,
including the Dover grave, as well os the corners of each GPR grid. This doto was then loaded into
ArcMap and displayed on the Grover, North Carolina, USGS topographic mop. The resulting map shows
that @ small portion of the cemetery is actually in South Carolina. However, there is a certain amount of
error with scanned topographic maps, and the results should be considered with that in mind. Calculations
based on the GPS dala estimate the total cemetery area encompassing opproximately 1.45 acres {5850
square meters). The most accurate method for defermining size and boundaries would be to have the
cemetery mapped by a registered lond surveyor.

Most Judeo-Christian cemeteries share common choracteristics with respect to burial of the dead. In general,
bodies are oriented eastwest, with the head facing east to face the rising sun on Judgment Day. Depths
vary, but are typically between four and six feet, depending on local condifions and customs. Shopes tend
to oblong ond rectangulor because of coffins and caskets. Sizes con vary considerably, particularly
between adults and infonts, with most in the range of approximately six feet long and two feet wide.
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Severol foctors influence the overoll effectiveness of GPR for defecting graves. Soil conditions are the most
imporiont, with clay being the most difficult to penetrate. lts high conductivity couses the radar signal to
oflenuate much quicker, which in turns limits its overall depth and strength. Age of the graves is also critical,
with older graves being more difficult because they have had more fime to decompose ond are less likely 1o
have intact coffins or caskets (if they were present 1o begin with). When possible, it is helpful to calibrate the
GPR 10 local conditions by possing it over a known grave ond noling the overoll sirength or weakness of the
associaled signal.

Figure 6 shows examples of both marked and unmorked groves from a GPR survey ot the Old Presbyterian
Cemetery in Greensboro, North Caroling, conducted in 2007. Torget A is o known grave with o strong
reflection. Torgetl C is an unmarked grave with no surface indication of ils presence. lis size, shape, and
orientation closely porallel the signature for the known grove. These ore the types of patierns that should be
expecied for groves identified with GPR.
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Figure 6.
GPR Burial Signatures from the Old Presbyterian Cemetery
in Greensboro, North Carolina
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III. RESULTS

The following figures show color enhanced images of the processed data of different depths {i.e., 80
centimeters). There is no slandard depth, and only those depths with largels are discussed in defail. The
color scheme is fairly simple; values in red/white are high amplitude targets [i.e. strong reflection) while
those in blue are low amplitude [no reflection). Archaeological fealures and/or modern intrusions should
be high amplitude torgels because of their compositional differences from the surounding soil.

Figure 7 is a composite amplitude slice map of the southern survey areo in the X {eastwest) direction. Three
different depths are shown {17, 55, and 70 centimeters, respectively). Transecls in this grid began in the
northeast corner ond proceeded to the west until surface obslacles were encountered. The choppy
appearance of the western edge of the grid is due to different transect lengths in response 1o heavily
wooded areas. The perimeter road is clearly visible in all three slices, bul is most noticeable at shallower
depths. This is due fo the different soil conditions and elecirical properties between the road and main
section of the cemelery. There are o few smaller areas with minor reflections, but no indications of
vnmarked graves.

Figure 8 is o composite amplitude slice map of the southern survey area in the Y [north-south] direction.
Again, three different depths are shown {23, 54, and 70 centimelers, respectively). This data is of the same
survey area but in the opposite direction. Transects began in the northeast corner and proceeded o the
south until the terrain became impassable from heavy woods.

As with the previous maps, the perimeter road is clearly visible. However, several other targets are visible.
First, the cut line/slope that separales the main section of the cemelery from the perimeter road can be seen
running opproximalely northeast-southwest through the grid at 54 centimelers. Second, there are two small,
isoloted, high omplitude targets in the northwest portion of the grid between 54 and 70 centimeters that have
the appeorance of possible unmarked graves. In general terms, they are consistent in size, shape,
arienfotion, and depth with the expected GPR signals for graves. There are no markers in this area or other
surfoce indicalions of graves. Figure 9 is a profile of two fransects showing both fargets as they appear in
the row GPR dota. 1 is somewhat surprising to see them reflected with hyperbolas of these magnitudes, and
thot may be an indication that they are some of the younger, more recent graves. More importantly, the GPR
dala does not show any high amplitude targets outside the main section of the cemetery.

Figure 10 is o composite amplitude slice map of the small grid over the Dover grave. The existing marker
is shown as o small reclangle af the western edge of the grid. The GPR dalo for this grid is inconclusive,
with no obvious hyperbolas or patterns that might indicale a grave. However, the death date on the marker
cleorly indicates this is one of the oldest graves in the cemetery. Given that, it is entirely possible that the
body may be of insufficient contrast with the surrounding soil 1o be detected with the GPR. Basically, there
is very little lefi for us 1o detect. Also, this grid covered a single grave, which con somelimes be problematic
1o identify with o high degree of confidence. Generally, it is easier 1o inlerpret the presence of unmarked
graves over a lorger area by looking for both individual targets and broader patierns. Even though the GPR
daoto does nol necessarily indicate a grave, it is probably best 1o ossume that one is present for
managemen! purposes. Alhough the possibility of o moved stone connot be ruled out, there is no way to
know that for cerloin with comoborating evidence [i.e. hisiorical record, informant interview, or
disinterment].
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Figure 7.

Composite Amplitude Slice Map of Southern Area in the X Direction

Old Shiloh Church Cemelery
GPR Survey
X direction (east-wesl)

September 2, 2008
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Figure 8.
Composite Amplitude Slice Map of Southern Area in the Y Direction

Old Shiloh Church Cemetery
GPR Survey

Y direction {north-south)
September 2, 2008
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Figure 9.

Two Transect Profiles Showing Individual Targets in the Raw Data

Old Shiloh Church Cemetery
GPR Survey

Individual Targets
September 2, 2008
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Figure 10.

Composite Amplitude Slice Map of the Dover Grave

Old Shiloh Church Cemetery
GPR Survey
Dover Gravesite

September 2, 2008
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IV. SUMMARY AND RECOMMENDATIONS

The GPR survey identified two anomalies that could possibly be unmarked graves. While it is impossible to
say with complete cerainty that these are, in fact, graves, their overall characteristics (size, shape,
orientation, depth, sirength of reflection) make them good candidates. Both targets are in the northwest
portion of the southern survey grid, inside the cemetery boundaries as circumscribed by the road. Neither
of these is in any danger of being impacted.

Given the GPR results, surface conditions, and general cemetery characteristics, it is highly unlikely that
additional unmarked graves are present outside the currently defined limits [i.e., south of the perimeter
drive]. Depth penetration with the radar was sufficient to locate expected graves up to depths of
approximately 1.6 melers with a high degree of confidence. Current vegetation and grave layout are strong
indicators of a formal, established cemetery with well defined boundaries. There is abundant open space
throughout the cemetery so there would have been litfle pressure to bury bodies along the fringes. The
presence of well defined family plots and sections suggests that cultural factors were sirong determinants in
burial placement. Surface inspection in the wooded areas all around the cemetery did not provide any firm
evidence for additional graves. in fact, most of the terrain is characterized by remnant terraces, which are
frequently associated with cleared agricultural fields.

The isolated Dover grave, west of the main section, does not necessarily mean additional unmarked graves
are present. This particular grave is one of the eariest {1788] in the cemetery, and the marker shape, font,
and inscriptions are significantly different from most of the other markers. According to a transcription of
grave markers available online (http://files.usgwarchives.org/nc/cleveland/cemeteries/hambrite.td), the
earliest death dates are 1780 and 1795, with no mention of the Dover grave. Although its location is
puzzling, it is not necessarily unexpected to see an isolated grave on the edge of a cemetery. The early
death date could be an indication that the body was interred prior to establishment of the cemetery proper.

New South Associates recommends that a minimal buffer be established along the southem edge of the
cemetery. While there is no standard distance, a range of 25-50 feet from the outer edge of the perimeter
road should be considered appropriate. This distance will ensure preservation of the cemetery and its
associated features.

The present study was conducted as an exercise in due diligence to investigate the possibility of unmarked
graves. Given the GPR results and current conditions, it is highly unlikely that any unmarked graves exist
beyond the boundaries of the cemetery, particularly on the south side. Should compliance with Section 106
of the National Historic Preservation Act (NHPA) be required in the future, it would be necessary to formally
evaluate the cemetery for inclusion in the National Register of Historic Places {NRHP} and assess the effects
of any proposed undertaking.
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PROOF OF SERVICE

This is to certify that I, Faye A. Flowers, have served the parties as indicated below with
one (1) copy of Southern Power Company d/b/a Southern Power Company-South Carolina’s
Application to the South Carolina Public Service Commission for a Certificate of Environmental
Compatibility and Public Convenience and Necessity and a Notice of Filing pursuant to S.C.
Code Ann. §58-33-120(2) (1976 and Cum. Supp. 2008) as follows:

Via U.S. Mail

C. Earl Hunter, Commissioner

S.C. Department of Health and
Environmental Control

2600 Bull Street

Columbia, SC 29201

Yia U.S. Mail

John Frampton, Executive Director
S.C. Department of Natural Resources
Post Office Box 167

Columbia, SC 29202

Via U.S. Mail

Ben L. Clary

Cherokee County Administrator
210 N. Limestone Street
Gaffney, SC 29340

Via U.S. Mail

Trudy Martin

Blacksburg Town Administrator
105 S. Shelby Street
Blacksburg, SC 29702

Via U.S. Mail

Rick Peterson

Safety/Emergency Management Director
1434 N. Limestone St.

Gaffney, SC 29340-4734

SWORN to before me this
15" day of April, 2009

<

Via Hand Delivery
C. Dukes Scott, Executive Director

S.C. Office of Regulatory Staff
1401 Main Street, Suite 900
Columbia, SC 29201

Via U.S. Mail

Chad Prosser, Director

S.C. Department of Parks, Recreation
and Tourism

120S Pendleton Street, Suite 248

Columbia, SC 29201

The Honorable David Hogue
Mayor of Blacksburg

105 S. Shelby Street
Blacksburg, SC 29702

Via U.S. Mail

The Honorable L. Hoke Parris
Chairman, Cherokee County Council
100 Parris Trail

Gaffney, SC 29340-6736

Faye A. Flowers

Parker Poe Adams & Bernstein LLP
1201 Main Street, Suite 1450 (29201)
PO Box 1409

Columbia, SC 29202

Colleen C. Quillen, Notary Public for South Carolina

My Commission Expires: May 6,2012
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PUBLIC NOTICE

Southern Power Company-South Carolina (“Southern Power”) is making Application to the
South Carolina Public Service Commission on or about April 16, 2009, for a Certificate of
Environmental Compatibility and Public Convenience and Necessity for the construction and
operation of a new 230-kV interconnection transmission line in northeastern Cherokee
County, South Carolina. The transmission line will originate at the natural gas-fired
combustion turbine generating facility that Southern Power has proposed to build in
Cleveland County, North Carolina and will connect to Duke Energy Carolinas, LLC’s Ripp
substation near Duke Energy’s Mill Creek generating facility in Cherokee County. The
portion of the transmission line in South Carolina will be approximately | mile in length.
This Application is in accordance with S.C. Code Ann. § 58-33-10, et seq. (1976 and Cum.
Supp. 2008), entitled the “Utility Facility Siting and Environmental Protection Act.”

Copies of the Application, including the environmental report, will be available for public
review at the following locations:

South Carolina Public Service Commission
Saluda Building

101 Executive Center Drive, Suite 110
Columbia, South Carolina 29210

Cherokee County Public Library
Gaffney Branch _
300 East Rutledge Avenue
Gaffney, South Carolina 29340

Spartanburg Public Library
Headquarters Library

151 South Church Street
Spartanburg, South Carolina 29306

Any person wishing to comment on the application or obtain additional information with
regard thereto should contact in writing the South Carolina Public Service Commission,
Saluda Building, 101 Executive Center Drive, Suite 100, Columbia, South Carolina 29210,
with a copy to Faye A. Flowers, Parker Poe Adams & Bemstein LLP, 1201 Main Street, Suite
1450, Columbia, South Carolina 29201.




LIST OF NEWSPAPERS IN WHICH PUBLIC NOTICE WAS PUBLISHED DURING
THE WEEK OF APRIL 6th, 2009
The Blacksburg Times, Blacksburg, South Carolina
The Gaffney Ledger, Gaffney, South Carolina
Spartanburg Herald, Spartanburg, South Carolina

PPAB 1543265v2



The GCIffney Ledger (864) 489-1131

(864) 487-7667

1604 W. Floyd Baker Blvd. - P.O. Box 670 — Gaffney, SC 29342

STATE OF SOUTH CAROLINA

COUNTY OF CHEROKEE

Personally came before me, a Notary Public for State and County aforesaid,
Carolyn C. Moss, Secretary/Receptionist for The Gaffney Ledger, Inc., a newspaper
published at Gaffney, South Carolina, and on oath says that the above
advertisement did appear in said newspaper, and that the clipping herewith attached
and made a part of this affidavit is a true copy of said advertisement as it appeared
in said newspaper on _(Qp¥a) (b,

;olyn C. ﬁss, Secretary/Receptionist

Sworn to before me this
(M day OQP wl X OO(?

Notary Public for South Carolina
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SPARTANBURG

Herald-Journal

P.0. BOX 1657, Spartanburg, S.C. 29304
(864) 582-4511

STATE OF SOUTH CAROLINA
COUNTY OF SPARTANBURG

Personally appeared before me, a notary public in and for the State and
County aforesaid, Kristen Mooneyham, who having been duly swormn
according to law, deposes and says that she is a Representative of the
Spartanburg Herald-Journal, a newspaper published in Spartanburg, South

Carolina, and that the attached é ?_,& }12 Q ad was published for

\ time(s) in the following issues:

T

u}zooq

|

Kristen Mooneyham

(

Sworn to and subscribed before me
This LQ day of AF))L{Q , 2009.

Alice Annas
Notary Pubtic for South Carolina
My Comrnission Expires May 23, 2016







STATE OF SOUTH CAROLINA SOUTHERN POWER COMPANY

MAKING APPLICATION
Personally appeared before me STEVE BLACKWELL, Publisher, or DON T0

WILDER, CEO, who after being duly sworn, according to law, deposes SC PUBLIC SERVICE COMMISSION
and says that he is with HOMETOWN NEWS, INC., a group of newspa

. , APRIL 16, 2009
pers published at Spartanburg, State and County aforesaid, and that the
attached advertisement was published in THE BOILING SPRINGS SEN- FOR
TRY, THE CHESNEE TRIBUNE, THE SPARTANBURG COUNTY NEws, CERTIFICATE OF ENVIRONMENTAL
THE INMAN TIMES, THE MIDDLE TYGER TIMES and THE COMPATIBILITY AND PUBLIC
WOODRUFF NEWS ..all the above papers published in Spartanburg CONVENIENCE AND NECESSITY
County. In addition, it appeared in THE BLACKSBURG TIMES, located )
in Cherokee County and in THE WHITMIRE NEWS which is a paper

located in Newberry County.
April 8, 2009 M
Sworn to before me this Z day of (2}241 Z 2009

«%U/Aa J \)/Jéé/z/ Seal

Notary Publi¢ fort/South Carolina

Commission Expires: August 23, 2016
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